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If you amputate the limb and let it go at that... Wrong! 
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If you want to know the complete story of amputation, read what Daniel has to say! 


Stumps must be healed and exercised 


Prostheses must be carefully chosen and frequently refitted 
Amputees must be trained to obtain maximum results 


Daniel has assembled everything you need to know to guide your amputee patient back to 
normal life. Your patient will want his book too—its plain English and profuse illustrations 


will give him confidence and hope. 
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FOREWORD 


The Intermountain Region comprises approximately one-third of the area of 
the United States. This is the scenic “Far West’’, a land of lofty mountains, 
fertile valleys, and wind-swept deserts; of forests and lakes and national parks; 
of mines and ranches and uncongested towns and cities. Here one finds conven- 
tionality spiced with lingering traces of frontier life and spirit. 

Near the geographic center of this vast region is Salt Lake City, ‘‘the cross- 
roads of the West”; a center of business, industry, and culture. Here is located 
the University of Utah College of Medicine. This institution and its counterpart 
in Colorado are the only medical schools between the Midwest and the Pacific 
Coast. 

Founded in 1905 as a two-year preclinical course, Utah College of Medicine 
was reorganized.in 1943 and expanded into a four-year school. Its new faculty, 
mostly eager young nonconformists drawn from staid Eastern and Midwestern 
universities, found in Utah a rare opportunity to try out new ideas and exgeri- 
ments in medical education, unhampered by local tradition and convention. 

The new school developed lustily, with inevitable growing pains. Its adoles- 
cent unconventionality and intellectual vigor shook the mother University to 
her foundations. Governor and Legislature were shocked by the unexpected 
costliness of high-grade medical education. Some local physicians were stirred 
to protest by the emphasis on research and a rising tide of higher standards of 
professional work in the hospitals of the community, by influxes of well-trained 
medical men attracted to the area by the new School, and by sharpened com- 
petition. But it is safe to assert that most of the initial opposition has subsided. 
The Medical College is now accepted as an inevitable development in the prog- 
ress of the West. There are even some suggestions of local pride in the institution. 

In lieu of a university hospital, arrangements were made with the Board of 
County Commissioners to use the Salt Lake County General Hospital as the 
main teaching hospital of the Medical School, and the medical faculty was given 
full responsibility for the professional care of its patients. Credit is due suc- 
cessive Commissioners for having tried hard to improve the physical plant of 
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the old institution. The clinical facilities thus made available have been aug- 
mented by those of local Veterans Administration Hospitals which function in 
intimate association with the Medical School. Training facilities have been sup- 
plemented also to some extent by the private hospitals of Salt Lake City and 
Ogden. Preclinical subjects are still taught mainly on the University campus, 
five miles across the city from the County Hospital. Those departments have 
expanded beyond the confines of the original medical building and are now 
housed in scattered buildings of various sorts. The medical faculty looks for- 
ward hopefully (or wistfully, depending upon the temperament of the indi- 
vidual) to a time when there will be suitable accommodations for a unified medi- 
cal center on the magnificent site already allocated for the purpose. There, 
overlooking beautiful Salt Lake Valley, may be seen a newly completed build- 
ing which hums with activity. It is the initial unit of a wing of the ultimate 
plant. It stands an annoying hazard to golfers on whose fairway it encroached, 
but to medical men a cheering augury of better days ahead. 

A fruitful and pleasant development during the last decade has been the 
steady growth of local support. Nowhere has this been more true than in the 
day-by-day contributions of busy practicing physicians to instruction of under- 
graduates, training of residents, and care of patients in the teaching hospitals. 
The Department of Surgery, for instance, has only three full-time faculty mem- 
bers. Their load would be intolerable were it not for the generous assistance 
rendered by scores of practicing surgeons and surgical specialists who give of 
their time and talents to the many activities of the Department. 

As might be expected, the Medical College draws most of its students from 
Utah and the surrounding states. Interne and resident staffs collect, however, 
from all parts of the country, and the large procession of research Fellows has 
an international flavor. 

Utah’s lone position in this large, geographically isolated area has placed upon 
her peculiar obligations toward the region which she attempts to serve. This 
responsibility has stimulated activities beyond the scope of traditional medical 
education and cloistered research—such activities as assistance to other hos- 
pitals in their resident training programs, monthly brief postgraduate or re- 
fresher courses for practicing physicians and specialists, weekly conferences by 
the several departments of the Medical School which are open to local practi- 
tioners, educational tours by small teams in the more isolated parts of the terri- 
tory, responsible participation in activities of county and state medical socie- 
ties, consultative services to Industry, and special studies of regional or familial 
diseases prevalent in this area. 

The Department of Surgery of the University of Utah has participated with 
pleasure and pride in the production of this issue of The American Surgeon. 


B. Price, M.D. 
Head, Department of Surgery 
University of Utah 

Salt Lake City, Utah 
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SOME EFFECTS OF ACUTE IRRADIATION INJURY IN DOGS 


Roy E. McDonatp, M.D., Ross E. Jensen, B.S., Herpert C. Urry, B.A., 
VerRN S. Bourn, B.S., B. Pricr, M.D. 


Salt Lake City 


Acute radiation sickness remains very largely an unsolved problem. 

During recent years numerous investigations have been directed toward a 
better understanding of the acute radiation syndrome. Some of the more obvi- 
ous primary and secondary effects of radiation have been described and meas- 
ured, but the underlying pathogenesis of these changes remains obscure. Ani- 
mals that receive large doses of total body irradiation, after a latent period of 
mild symptoms or even seemingly good health, sicken and die. We do not yet 
know why or how irradiation per se causes death, nor has any way been found 
to prevent death although some substances, such as glutathione, may reduce 
mortality rates under specific experimental conditions. Infection, hemorrhages, 
anemia, and dehydration often occur; uncorrected, they may contribute largely 
to the fatal outcome. But death will occur even in the absence of those complica- 
tions. In the present world situation, this incompletely solved problem is one 
of such grave importance that continued attempts to elucidate it are justified, 
and even mandatory. 

For obvious reasons, rats and other small experimental animals have been 
used in much of the reported work. There are some aspects of the problem, how- 
ever, that can be studied more satisfactorily and accurately in large animals. 
In the present investigation, more than 100 dogs have been used in an attempt 
to observe the specific effects of acute radiation upon plasma volume, red cell 
mass, total body water, tissue electrolytes, electrolyte and nitrogen balance, 
and capillary permeability. 

The purpose of this paper is to present a brief summary of our observations. 
More technical detailed reports will be published elsewhere. 


METHODS 


Healthy, adult mongrel dogs of both sexes were selected. After being dewormed and 
vaccinated against distemper, these animals were kept under observation for at least four 
to six weeks to make certain that no disease or infestation was present, and that they were 
stabilized with regard to weight, blood volume, blood picture, and fluid, electrolyte and 
nitrogen equilibriums. If for any reason the diet was altered, at least a fortnight was allowed 
for stabilization of metabolic activity and weight. 

Total body irradiation was administered by means of a 250-kv. 25-ma. x-ray machine 
at a distance of 125 em. The animals, immobilized in 3g-inch plywood boxes of appropriate 
size, received single exposures to the dorsum. Calculated mid-tissue doses ranged from 450 
to 550 r, although most of the dogs received doses approximating the higher figure. It was 
our original intention to use doses of three arbitrary sizes, aiming at 40, 55 and 85 LD. 


From the Department of Surgery, University of Utah College of Medicine. 
_This study was done under contract with, and supported by, the Atomic Energy Com- 
mission: Contract No. AT(11-1)-82, Project No. 7 (Price—McDonald). 
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The physiologic and pathologic responses in the animals receiving 450 to 550 r varied widely 
enough, however, so that all types of the syndrome were seen. Lethality was about 95 per 
cent in 30 days. 

Plasma volume was measured by means of T-1824.° Blood volume and red cell mass were 
estimated from plasma volume and peripheral hematocrit. No correction was made for 
estimated body hematocrit, the calculation of blood volume being designed to indicate 
direction and (roughly) the magnitude of the changes. 

Total body water was measured by the antipyrine method.® In most instances at least 
two determinations were made before irradiation. 

For electrolyte and nitrogen studies, female dogs were preferred because of greater eage 
and certainty of complete urine collection. The cages were so arranged that voided urine 
drained promptly into flasks containing sulfuric acid to prevent loss of nitrogen. This 
material was made up to 1000 cc. with distilled water used to wash the collecting pan. 
Feces, collected over periods delineated by carmine ingestion, were kept covered with 
alcohol and were acidified with sulfuric acid. Aliquots of dried, ground material were used 
for analyses. Vomiting usually occurred shortly after irradiation. As a rule the vomitus 
could be collected without urine contamination. Formed stools presented no problem, but 
mushy or liquid stools were troublesome in that they had to be watched for, and be removed 
promptly before mixture with urine occurred. 

Two types of food were used: ‘‘Purina’’ dog chow in dry compressed pellets purchased 
on the open market, and a moist meat food specially prepared for us and packed in sealed 
cans by the Hill Packing Co., Topeka, Kansas. This latter food, ordered in large lots, was 
found upon analysis to be uniform in composition. It contained 10 per cent protein and 2 to3 
per cent fat. 

For tissue analyses, the animals were killed by intravenous injection of nembutal and 
prompt exsanguination. Tissues were thereupon excised as quickly as possible, stripped of 
fat and fibrous tissue, and blotted gently to remove adherent blood. Then they were minced 
and dried thoroughly at 105 C. Fat was extracted by treatment for two 12-hour periods 
with dry ethyl ether, and for one 12-hour period with petroleum ether. After redrying, the 
tissues were ground to fineness with mortar and pestle. Blood in the tissues was estimated 
by examination of an alcohol-ether extract of acid-treated tissue.? 

Tissue T-1824 (modifications® of the method of Lewis and Goodman!) was used as a 
measure of egress serum protein (largely albumin) from capillaries of various tissues into 
the interstitial space. In this way the occurrence or nonoccurrence of increased capillary 
permeability to protein in the syndrome was determined. The lapse of time between injec- 
tion of dye and its measurement in tissue was found to be a factor which needed to be con- 
trolled. We allowed 40 minutes for mixing and equalization in all cases before killing the 
animal. This was sufficient time for some protein T-1824 complexes to escape from the 
vascular bed. 

Potassium and sodium were determined on a Beckman flame photometer. Chlorides in 
blood and urine were measured by the method of Sendroy as modified by Van Slyke and 
Hiller. The Sunderman® modification of the method of Van Slyke was used for chloride 
analyses of stool, food and tissues. A correction factor, which remained constant, was neces- 
sary to correlate between these methods. Nitrogen was determined by the micro-Kjeldahl 
technic of Hiller,‘ except that the distillate was collected in boric acid and was titrated 


with HCl. 
OBSERVATIONS 


Typical hemorrhagic syndromes were produced which terminated fatally in 
nearly all instances between the sixth and sixteenth postirradiation days. Vom- 
iting usually occurred within 24 hours, but did not persist. Copious watery 
diarrhea was rare. Fever appeared with the onset of anorexia. Decreases in leu- 
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EFFECTS OF ACUTE IRRADIATION INJURY IN DOGS 689 


kocyte, erythrocyte and platelet counts in circulating blood paralleled those 
reported by other observers. 

Blood volume measurements in a typical experiment are shown in figure 1. 

With,progressing anemia, plasma volumes during the postirradiation period 
remained normal or showed slight increases. Whereas, in normal animals, a con- 
stant ratio was maintained between total body water and plasma volume, in 
irradiated animals this ratio was increased in every instance because of a rela- 
tive and absolute decrease in total body water. Electrolyte studies indicated 
that these losses of total body water were both intracellular and extracellular. 
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CONTROL DAY 6 DAY 12 DAY 16 
DAY OF ILLNESS 


Fic. 1. Effects of irradiation upon the circulating red cell mass, plasma volume, and 
blood volume of a dog in a typical experiment. 


In terms of normal values, animals lost about 6 per cent more water than weight. 
This difference is believed to be due to relatively rapid reduction of water rich 
tissues (e.g., muscle) and extracellular fluid as compared with the slower reduc- 
tion of water-poor fat. 

Weight loss followed irradiation but was pronounced only after the appear- 
ance of anorexia. Animals on a diet of dry pellets ate little food throughout 
the postirradiation period, and consequently had large weight losses. On the 
other hand, dogs on a diet of moist palatable food often continued to eat nearly 
normal amounts until a day or two before death. This latter group showed, on 
the average, a weight loss of 0.41 per cent per day before anorexia, and 2.6 per 
cent per day following anorexia. That anorexia was not the only factor, how- 
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ever, in this acute weight loss is suggested by a study of pair-fed caged animals, 
Five pairs of animals were selected, each pair consisting of dogs of similar age, 
sex, and weight. One dog of each pair was irradiated, the other served as a con- 
trol. Control dogs were fed exactly the same amounts of food consumed py their 
irradiated partners. Weight losses in the 5 irradiated animals were observed to 
be significantly larger than in the corresponding controls (15.7 vs. 11.6 per cent; 
8.0 vs. 4.7 per cent; 20.5 vs. 9.0 per cent; 12.8 vs. 4.3 per cent; 17 vs. 9 per cent), 

At 550 r. there were no electrolyte or nitrogen balance changes suggesting 
early rapid destruction of large amounts of radiosensitive tissue. During the pre- 
anorexic phase of the syndrome, sodium and potassium balances were always 
negative (average net losses, 3.0 and 3.5 mEq. per day per dog), whereas, the 
chloride balance, despite vomiting, was negative in only 2 out of 7 animals. 
After anorexia, however, strongly negative balances were noted for all three 
ions. Average daily net losses per dog were: potassium 20.6 mEq., sodium 10.0 
mKq., and chloride 9.0 mEq. Wide individual variations between animals were 
observed, particularly in sodium and chloride balances. 

Fecal electrolyte excretion was found to be normal in formed stools following 
irradiation, but mushy stools contained larger amounts than normal (potassium 
2 times normal, sodium 1.5 to 5 times normal, chloride 1.2 to 3 times normal). 
Vomitus averaged: potassium 6 mEq., sodium 19 MEq., and chloride 30 mEq. 

We have noted that the concentrations of potassium, sodium, and chloride 
remain unchanged in extracellular fluid throughout the syndrome. An attempt 
was made, therefore, to utilize the negative chloride balance to estimate extra- 
cellular fluid loss. On the basis of such calculations, 7 dogs were estimated to 
have lost altogether 10.6 Kg. of cellular mass. These animals at the same time 
were found to have lost 911 mEq. of potassium. Potassium loss per Kg. of tis- 
sue loss was therefore 86 mEq., which is in close agreement with our measured 
value of 90-95 mEq. for muscle. 

It can be seen from Table I that pair-fed animals lost less extracellular fluid 
(as measured by chloride balance) and less cellular mass (as measured by potas- 
sium balance) than did irradiated animals. In many instances there was only 
half as much potassium lost by the control dog. It should be noted, however, 
that true paired experiments are very difficult to carry out. Not only are there 
individual differences between animals as regards breed, food requirements, ete., 
but the irradiated animals, in addition to anorexia, exhibit fever and infection 
which increase metabolic activity and enhance tissue breakdown. Further, there 
is the constant release of potassium with degradation of red blood cells and with 
cellular death in radiosensitive lymphatic and splenic tissues. 

As would be expected, irradiated dogs developed negative nitrogen balances 
which became more pronounced after the onset of anorexia. Nitrogen was lost 
at the rate of 27.9 Gm. per Kg. of body weight loss; or, if weight loss is cor- 
rected for extracellular fluid loss, the nitrogen loss was at the rate of 34.7 + 
5.3 Gm. per Kg. of cellular loss. These figures may be compared with the deter- 
mined value of 36 Gm. of nitrogen per Kg. of normal muscle. 

As might be anticipated, there was better correlation between nitrogen and 
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potassium balances than between nitrogen loss and weight loss. Control ratios 
of potassium (mEq.) to nitrogen (Gm.) in urine were approximately the same 
as those of food ingested (urine 1.49 + 0.09; food 1.45). Following irradiation, 
but before anorexia, the ratio averaged 1.63 + 0.11; and in the anorexia period 


TABLE I 
Fluid and electrolyte balance studies in & groups of pair-fed dogs 


The nonirradiated animals in each group were given the same amounts (caloric equiva- 
lents) of food consumed ad libitum by the irradiated animals. The figures indicate the net 
gains or losses during the periods indicated. 


. Potassium | 
mass|Potatum | ttl eof animal 
anorexia anorexia anorexia period | 
| 
Gm. Kg. mEq. mEq. 
I. Nonirradiated dog on high —450 —0.65 —44 | —84 Survived 
protein diet 
Nonirradiated dog on dry pel- —3ll —0.94 —56 —60 Survived 
let diet 
Irradiated dog on dry pellet — 648 —1.07 —106 Ee 124 |, Died 
diet | | 
II. Nonirradiated dog on high pro-| —586 —1.20 —73 —82 Survived 
tein diet 
Irradiated dog on high protein — 254 —1.45 —161 | —207 Died 
diet 
III. Nonirradiated dog on high pro-|) —216 —0.38 | | Survived 
tein diet | 
Irradiated dog on high protein —377 —0.46 | —55 | —110 Died 
diet 
IV. Nonirradiated dog on dry pel- -742 —1.08 —97 | —97 Survived 
let diet | | 
Irradiated dog on dry pellet | —1910 —1.64 | —144 | —144 Died 
diet | 
V. Nonirradiated dog on high pro-, | | —8 | +6 | Survived 
tein diet | | 
Irradiated dog* on high pro- | | —14 —23 | Survived 
tein diet | 


* This dog had relatively few manifestations of irradiation sickness. There was moderate 
anorexia lasting only one week, during which the animal accepted about two-thirds of her 
normal intake. 


it averaged 2.68 + 0.35. The ratio of potassium balance to nitrogen balance was 
2.75 + 0.3. These last two figures approximate the K/N ratio of 2.8 found in 
our analyses of normal canine muscle. It is assumed from these data that no 
large shifts of potassium occurred, and that the ion was not excreted in excess of 
the amount derived from actual tissue breakdown. 

The amount of fecal nitrogen did not increase following irradiation, even in 
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those animals which consumed normal amounts of food. This finding, together 
with a K/N ratio of urine which was normal for animals ingesting food, indi- 
cates an apparent ability of irradiated animals to absorb and utilize nitrogen in 
normal amounts. 

Analyses of tissues obtained by killing animals at intervals during the post- 
irradiation period, showed that only liver and kidney deviated from normal in 
water content. In these organs, small but significant rises in water content, were 
seen with progression of the syndrome. Tissue electrolytes as a whole were also 
noted to be constant throughout the syndrome when expressed as concentration 
per unit weight of dry, fat-free tissue. Exceptions occurred in markedly radio- 
sensitive tissues (lymph nodes and spleen) which showed progressive losses of 
potassium and reciprocal increases in sodium content. 

A surprising finding was the loss of muscle sodium beginning early in the syn- 
drome in the majority of dogs. If for the purpose of calculation one assumes 
that chloride is a measure of extracellular space (actually it comes close to being 
so), it would then appear that the loss of sodium was from muscle cells rather 
than from extracellular fluid. The hydration of the liver during the second week 
of the syndrome was correlated with ingress of sodium. 

Comparative measurements of tissue T-1824 in normal and in irradiated ani- 
mals showed that no significant alterations in capillary permeability to protein 
occurred during the syndrome, even in radiosensitive tissues such as the spleen. 

All of the animals were examined at death. Hemorrhagic syndromes in vary- 
ing degrees of severity were exhibited: petechiae along the coronary vessels, in 
the submucosa of the fundus of the stomach and ileocecal region, and ineon- 
stantly throughout the remainder of the intestine; small hemorrhages in the 
tissues surrounding the kidneys and adrenals; ecchymoses in subcutaneous and 
retroperitoneal areas, and at sites of venapuncture. Gross infection was rarely 
seen; if present, it was in the form of infected hematomata. 


DISCUSSION 


It is strange that these dogs, profoundly and even fatally injured by irradia- 
tion, should show so few biochemical abnormalities. Compensation appeared to 
play an important role in this connection. The kidneys, for instance, were able 
to defend the body against ion depletion by diarrhea and vomiting. From 
clinical standpoint, digestion, absorption and anabolism seemed to remain suffi- 
ciently unimpaired so that, when appetite was maintained, relatively little 
weight was lost. 

Water equilibrium was maintained in several ways. Diminished water intake 
associated with anorexia appeared to be countered by various mechanisms. 
Some of the animals had reduced urinary output. Others showed incongruous 
decreases in obligatory respiratory water loss.”: 5 Although total body water de- 
creased after irradiation, the water content of the tissues was not reduced. 
Reduction of total body water was due rather to loss of lean tissue mass (and 
its water) and to diffuse loss of interstitial fluid. These animals did not actually 
become dehydrated to any significant degree. 
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From excretion data we conclude that the chloride space, insofar as it was a 
measure of extracellular fluid, maintained its integrity, and that potassium loss 
was probably a measure of cellular mass loss. Wide enough variation in the rela- 
tion of sodium excretion to chloride excretion from dog to dog was seen so that 
it could be assumed that sodium was excreted in excess of that anticipated 
from chloride balance in some instances, and that all sodium did not come from 
extracellular fluid in every case. 

The loss of potassium from radiosensitive tissues, such as spleen and lymph 
nodes, was due, we believe, to breakdown of potassium-rich cellular elements, 
and not to potassium depletion or abnormal transfer of ions across cell mem- 
branes. This conclusion is based upon the maintenance of normal K/N ratios 
in the irradiated dry, blood-free spleen, and the ingress of sodium and chloride 
which indicated increased extracellular fluid and was assumed to follow loss of 
potassium-rich cells. More difficult to explain was the increase of extracellular 
fluid (and sodium and chloride) without decrease of potassium in liver, nor are 
we able to explain satisfactorily the apparent decrease of muscle cell sodium 
after irradiation. 

It is our opinion that the irradiated animals lost more potassium than the 
pair-fed controls did because of tissue breakdown and not because of abnormal 
shifts of the ion. This view is supported by the following observations: (1) po- 
tassium excretion was not in excess of the amount anticipated from nitrogen 
excretion; (2) potassium balance could be correlated with calculated cellular 
mass loss; (3) except in tissue destroyed by irradiation (e.g. spleen and lymph 
nodes) there was during the syndrome no decrease in potassium in the major 
cellular masses of the body; and (4) fever, infection, and loss of radiosensitive 
tissue all contributed to larger amounts of tissue breakdown in the irradiated 
animals. 

These studies suggest that fluid and electrolyte and nitrogen therapy in irra- 
diated dogs need not differ from that given to any anorexic animal. The losses 
from vomiting and diarrhea are easily corrected. Attractive, readily digestible 
food should be offered throughout the syndrome to reduce weight loss. 


SUMMARY 


Lethal doses of total body irradiation in dogs produced the familiar clinical 
syndrome, but relatively few biochemical abnormalities. 

Typical hemograms and hemorrhagic syndromes were observed. Vomiting 
usually occurred, but only during the first postirradiation day. Mushy stools 
rather than watery diarrhea was the rule. When appetizing food was provided, 
the onset of anorexia was delayed, and in some instances did not develop until 
shortly before death. Fever accompanied anorexia. 

After irradiation, plasma volume remained normal or was slightly increased, 
in contrast to total body water which was decreased, relatively and absolutely. 
due both to intracellular and extracellular fluid losses. Prior to anorexia, weight 
losses were relatively small. 

Strongly negative balances of sodium, chloride, and potassium followed the 
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onset of anorexia. Evidence is presented to show that potassium was lost be. 
cause of breakdown of tissue, both in response to caloric demands and from 
destruction of radiosensitive tissue such as spleen and lymph nodes, and not 
because of abnormal transfer of the ion across cell membranes. An unexplained 
loss of muscle sodium was observed. 

Negative nitrogen balances occurred in irradiated dogs, but became pro- 
nounced only after anorexia. The irradiated animals retained their ability to 
absorb and utilize ingested nitrogen. 

Certain physiologic and biochemic compensations appeared to play an impor- 
tant role in preventing major water, electrolyte, and nitrogen disturbances in 
irradiated animals. 

Abnormal permeability of capillaries to serum proteins probably did not 
occur, even in radiosensitive tissues. 

In short, within the scope of this investigation, and aside from destruction of 
radiosensitive tissues, altered hematopoiesis, and resultant fever and infection, 
our irradiated animals showed changes which differed only in degree, not in 
kind, from those manifested by nonirradiated dogs with restricted food intake, 

These studies suggest that principles of fluid and electrolyte therapy for ir- 
radiated dogs need not differ from those applicable to any anorexic animal. 

The essential cause of death in irradiated animals remains an unsolved 
problem. 
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THE PROBLEM OF HEPATOLITHIASIS 
A STUDY OF THIRTY-FIVE PERSONAL CASES 


N. Freperick Hicxen, M.D., A. James McAuuister, M.D., 
Dre W. M.D. 


Salt Lake City 


Hepatolithiasis is not a rare condition even though common experience might 
seem to indicate otherwise. Because the disease is mentioned infrequently in 
medical literature and is seldom recognized by surgeons, it is classified as a 
medical curiosity by some writers. However, refinements in autopsy technic and 
utilization of contrast roentgenography have demonstrated that calculi often 
hide in liver radicles. Apparently, some of the older concepts concerning hepato- 
lithiasis need to be reconsidered and re-evaluated. 


INCIDENCE 


An accurate estimate of the occurrence of intrahepatic calculi requires a 
search of the literature for specific studies. For instance, Crump, reporting 1000 
consecutive autopsies, encountered 325 cases of cholelithiasis of which 24 per 
cent harboured stones within the extrahepatic bile ducts, yet he made no men- 
tion of the hepatic radicles. This omission is quite understandable when one 
considers the methods usually used in making autopsy examinations. The gall- 
bladder and larger bile ducts are opened so that existing calculi are readily de- 
tected, but examination of the liver is more casual. After the organ has been 
weighed, and its general characteristics have been noted, the pathologist makes 
three or four slices through the liver substance in quest of hidden pathologic 
conditions. It is obvious that only a small percentage of the hepatic bile ducts 
are opened and exposed, hence stones can easily be overlooked. 

There are a few studies of the intrahepatic bile ducts, however, which permit 
more accurate estimation of the incidence of hepatolithiasis. As early as 1863, 
Thudichum* carefully traced all of the intrahepatic bile ducts in his patients 
having cholelithiasis and found that 5 per cent of them harboured calculi. In 
1890, Schroder,”' using the same technic, reported an incidence of 9 per cent. 
Beer* analyzed the pertinent literature up to 1904 and found intrahepatic stones 
in 8.3 per cent of all cases of cholelithiasis. Best,* in 1944, made many thin serial 
sections of the liver in 30 patients having gallstones and found intrahepatic 
calculi in 6.6 per cent. He® summarized all reported cases and concluded that 
hepatic calculi occur in approximately 7.4 per cent of all cholelithiasis. Such a 
high incidence does not constitute a medical curiosity. 


ETIOLOGY 


The fact that intrahepatic and extrahepatic bile ducts form one continuous 
ductal system affords“a rational explanation for the genesis of liver stones. If 
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infected bile, plugs of mucous, biliary sand, and small gallstones are able to float 
around in the choledochal bile, what is to deny them entrance into the liver 
radicles? The stagnant bile which cannot escape from the obstructed chole- 
dochus finds a domicile in the confluent hepatic ducts. Cholangitis, which oftey 
originates in the choledochus, tends te spread upward and attack the liver radj- 
cles. When increased intraductal pressures distend and dilate extrahepatic bile 
ducts, the same changes are found in the hepatic components. If such pathologie 
soil is capable of producing stones within the large bile ducts, what is to prevent 
the genesis of calculi within the hepatic segments? 

Support of this concept is afforded by the widespread distribution of caleulj 
within the liver. No segment seems to escape. In our 35 cases of hepatolithiasis, 
recognized by surgical exploration or by means of contrast roentgenography, 
there were 18 instances in which caiculi were found scattered thrcughout both 
lobes of the liver; in 13 cases one or more segments of the left lobe were involved, 
and in only 4 instances were the stones confined to the right lobe. Solitary cal- 
culi were encountered in only 5 per cent of this series. In 53 cases of liver stones 
reported by Rufanov,'* 20 per cent had calculi confined to the liver alone. 

Hepatic stones are most often of the bilirubin-calcium variety, but they may 
vary in size, shape and consistency, as do biliary calculi found elsewhere. Oft- 
times they consist of an agglomerate mass of biliary sand and inspissated bile 
pigments, held together by a matrix of viscid mucous. 

Several attempts have been made to classify hepatic calculi according to their 
etiologic genesis. The following is an enlargement of the classification suggested 
by Bassler and Peters: 

1. Stones imbedded or fixed within the intrahepatic ducts, having developed 
an situ. 

2. Migrating calculi from the common bile duct which became incarcerated 
within the hepatic ducts and grew by accretion and deposition. 

3. Calculi and gravel in isolated saccular pockets within the bile ducts, or in 
localized liver abscesses which also contain bile and pus. 

4. Debris, gravel and small stones which develop simultaneously in numer- 
ous intrahepatic radicles, due to a diffuse settling process. 

5. Migrating choledochal stones which take temporary residence within the 


liver radicles. 


CLINICAL FEATURES 


Intrahepatic calculi produce no identifying or characteristic clinical syn- 
drome. In the majority of cases the symptoms are those of an obstructive biliary 
colic, but occasionally the stones remain silent and their presence is not sus 
pected until accidentally discovered by roentgenography or autopsy exami- 
nation. 

Pain is the most common symptom. It is sharp, colicky, and often radiates 
from the upper right abdomen to the shoulder zone. The pain of biliary coli¢ is 
uniform, whether the irritative focus lurks in the gallbladder, or in the larger 
bile ducts, or lies deep within the substance of the liver. Febrile reactions occur 
more frequently with liver stones than with other forms of cholelithiasis. Chills 
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are present in about 25 per cent of the cases, being due to concomitant cholan- 
gitis, hepatitis, or liver abscesses. Nausea, vomiting, and abdominal distention 
contribute to the patient’s discomfort. 

Physical findings are usually misleading, for localized tenderness of the gall- 
bladder usually focuses attention upon that organ. Unless the liver is enlarged 
and tender, little thought is given to the possibility of intrahepatic calculi. Un- 
equal enlargement of the liver lobules should suggest the possibility of intra- 
ductal obstructions or the presence of deep-seated abscesses. Jaundice, if present, 
exhibits no peculiarities which could be used to differentiate it from other forms 
of obstructive icterus. Laboratory studies merely point to hepatic dysfunctions 
and do not assist in the detection of intrahepatic stones. 

Roentgenography affords the only method by which a preoperative diagnosis 
can be made. Walters and Snell?* point out that liver stones produce hazy, in- 
distinct, opaque patterns. Volpe detected a solitary hepatic stone because of 
the mulberry-like shadow seen on the roentgenogram. Bassler and Peters? de- 
scribed a case wherein the right lobe of the liver was studded with many calci- 
fied shadows, and autopsy examination proved them to be liver stones. 

The difficulty encountered in making a diagnosis of intrahepatic calculi is 
evidenced by the fact that in our own series of 35 patients not a single case was 
recognized preoperatively. 


DIFFERENTIAL DIAGNOSIS 


Localized calcification of the liver occurs in many conditions other than 
hepatolithiasis. If the roentgenologist is conversant with the characteristics of 
each, differentiation is often possible. Bassler and Peters? summarized the calci- 
fied lesions which may be mistaken for liver stones as follows: 

1. Hepatic Hemangiomas are usually of the cavernous type and frequently 
contain calcific deposits. Aspray! points out that the calcium is often laid down 
on septal trabeculae which radiate from a central or common focus and do not 
present a homogeneous density. 

2. Amebic Abscesses often contain calcium in their walls, appearing as a single 
calcified ring; or, if multiple, as a cluster of pearls. 

3. Echinococcal Cysts have a heavy confining wall in which calcium is laid 
down in concentric layers, being separated from each other by a zone of radio- 
lucent tissue. The laminated appearance of the cyst wall and the translucent 
central zone of the cystic cavity are diagnostic.” 

4. Gummas occasionally calcify, and when that occurs the deposit assumes a 
trabecular form, honeycombing the entire tumor. 

5. Tuberculomas, whether in liver, spleen or lungs, tend to become calcified. 
The central zone is the most dense with the intensity of the calcification dimin- 
ishing as the periphery of the tumor is approached. Recognition of similar 
deposits of calcium in other organs assists in making a correct diagnosis. 

6. Neoplastic Tumors, particularly carcinomas of the liver, may become cal- 
cified, especially during the postirradiation phase. Hamburger!’ described such 
a situation in a 5 year old child. 

7. Other calcified lesions, such as hydatid cysts, calcified subphrenic abscesses, 
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calcified infective granulomas. calcified infarcts, and calcification around foreign 
bodies, must also be differentiated from liver stones. 


OPERATIVE TREATMENT 


Unfortunately, hepatolithiasis is not recognized in most instances until post- 
operative cholangiography is done or until examination is made at the autopsy 
table. Corrective therapy requires recognition of these hidden stones while the 
patient is still on the operating table. Admittedly, this is a difficult task, but 
awareness offers the only hope. Suspicion of the presence of intrahepatic calculi 
should be aroused: (1) when the common bile duct contains small stones, (2) if 
the choledochus contains gravel or plugs of inspissated bile pigments, (3) when 
the hepatic bile is white or mucoid, (4) when one segment of the liver is enlarged, 
cirrhotic and bile-stained, (5) when an unexplained jaundice occurs in the pres- 
ence of hepatomegaly, and (6) when the roentgenograms reveal calcified shadows 
within the liver substance. 

If a surgeon suspects the presence of hepatic calculi, what measures can be 
used to verify their presence and localize their position? Contrast roentgenog- 
raphy while the patient is still on the operating table provides a scientific and 
accurate method for detecting these elusive stones. Just as urograms are effi- 
cient in visualizing small renal and ureteral calculi, so cholangiograms will 
demonstrate small stones lurking in the hepatic radicles. If 5 to 10 ce. of diodrast 
is injected into the common bile duct, the contrast medium fills the entire biliary 
system, and the resulting roentgenogram provides an accurate visual pattern 
of both the intrahepatic and extrahepatic ductal systems. Calculi displace the 
contrast medium and hence present incriminating shadows within the confines 
of the ducts. If the obstruction has been chronic, the distal ducts will be dilated 
and tortuous, and a picture of hydrohepatosis will be presented. If the calculus 
completely obstructs one of the main ducts, the contrast medium will be unable 
to by-pass the obstruction; hence the distal portion of the affected lobule will 
not be visualized. Best,® who has had extensive experience with cholangiography 
asserts that he has never seen an intrahepatic stone visualized by operative 
cholangiography. Mirizzi,!> however, disagrees with this statement and pre- 
sents several operative cholangiograms which clearly localize the offending he- 
patic calculi. We are in accord with his convictions. Figure 1 clearly demon- 
strates an elusive stone in the right hepatic duct which was _ successfully 
extirpated by exploring forceps. In our series of 35 intrahepatic calculi, 51 per 
cent were recognized on the operating table. 

It should be emphasized that patience, experience, and resourcefulness are 
essential in obtaining informative cholangiograms. Frequently the injected 
contrast medium escapes so rapidly into the duodenum that the hepatic radicles 
will not be visualized. In such circumstances the patient is tilted in a deep 
Trendelenburg position and the common bile duct is reinjected with diodrast. 
Counterpressure is exerted over the ampullary outlet of the choledochus and 
thus gravity compels the diodrast to flow and diffuse into the finer hepatic 
ducts. The resulting cholangiogram provides a clear distinct roentgenographic 
silhouette of the ducts and detects any offending intraductal lesions (fig. 2). 
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When cholangiography is unavailable, other methods of exploring the hepatic 
radicles may be used. In suspicious cases, the liver ducts should be subjected to 
forceful irrigations. This can be accomplished by inserting the irrigator into the 
common hepatic duct so that the physiologic saline solution will be forced into 
the hepatic ducts under judicious degrees of positive pressure. Sudden removal 


Fig. 1. Five stones were removed from this common bile duct, and a T tube was inserted. 
This ome cholangiogram was done upon the operating table disclosing a calculus 
in the left hepatic duct. The tube was removed and the offending stone was removed. 


of the irrigator permits the regurgitant flow of bile and saline solution to dislodge 
and carry the small calculi into the operating wound. We have been occasionally 
surprised to recover unexpected calculi by this simple method. 

The surgical extirpation of intrahepatic calculi is often a difficuit and disap- 
pointing problem. An exploring forcep cannot traverse blindly the maze of 
branching, tortuous ducts; and hence, cannot come in contact with the offending 
stones. The large ducts lend themselves more readily to instrumental explora- 
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tion. However, if the surgeon has a cholangiographic pattern before him, he 
can intelligently direct the stone forcep along the known course of the duct and 
will probably encounter the obstructing calculus. Figure 3 outlines a stone in 
the left hepatic duct which was successfully removed by the exploring instru- 
ment. It is futile to attempt to explore the intrahepatic ducts through the 
choledochal incision. When stones are definitely localized by cholangiography, 
the proximal end of the common hepatic duct should be opened so that an effec- 
tive exploration may be done. A spirit of defeatism and a lackadaisical approach 
to this problem account for many of our failures to remove these stones. 


Fic. 2. Several stones had been removed from the choledochus and the completion 
cholangiogram was made by injecting the T tube with 5 cc. of diodrast, while the abdomen 
was still open. The T tube was removed and the stone in the left hepatic duct and the 
overlooked stone in the ampullary zone were both removed. This demonstrates the values 


of operative cholangiography. 


The direct removal of intrahepatic calculi by hepatotomy seems feasible, 
but practically is accompanied by many misgivings. It is true that urologists 
can incise the renal cortex and extract small stones incarcerated within the 
calices of the kidney, but such a direct approach is usually denied the biliary 
surgeon. Frequently the stones are incarcerated in the larger bile ducts, deep 
within the liver substance, and are surrounded by large blood vessels and bile 
sinusoids. Alarming hemorrhages from severed vessels and profuse oozing of 
bile from incised liver ducts and sinusoids so obscure the field that definitive 
work is impossible. Even though the stones could be removed, it would be im- 
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possible to accurately approximate the severed bile ducts, hence inadequate 
drainage of the distal segment would result in bile stasis and hepatic degenerg- 
tion. Thus the operation would perpetuate the very condition which the surgeon 
is attempting to relieve namely: obstruction of the hepatic bile ducts. Internal 
hepatobiliary fistula might cause a choleperitoneum. Hepatic stones are often 
multiple, being located in various segments of the same lobe or even in the 
opposite lobe. It is highly impractical to lacerate the liver to extract these small 
stones. 

Anyone who has attempted to find intrahepatic stones is impressed by the 
futility of blind exploration. They are so well camouflaged by the parenchyma- 
tous tissues that palpatory detection is impossible. If cholangiograms localize 
the stone, its exact position can sometimes be determined by inserting an ex- 
ploring needle until it comes in contact with the offending calculus. The needle 
can then be used as a guide so the exploring incision passes down directly to the 
stone. One large encysted liver stone was removed by this procedure. In another 
instance we resected a segment of the lingual appendage of the right lobe because 
of incarcerated calculi. As a rule, however, hepatotomy affords scant opportunity 
for removing these hidden calculi, and the attendant risk is far greater than any 
complication which the stones themselves might produce. 


CONSERVATIVE THERAPY 


The majority of intrahepatic calculi are accidentally discovered during the 
period of operative convalescence by means of cholangiograms. It is an accepted 
practice that all patients having drainage tubes in their gallbladders or bile 
ducts should be studied roentgenographically before the tubes are removed 
(fig. 4). This can be readily accomplished by injecting from 5 to 10 cc. of diodrast 
into the draining catheters and then taking a roentgenogram. Residual intra- 
ductal stones can be identified by this method. 

How shall these residual stones be managed? Some workers believe that 
hepatic stones are harmless as long as they remain within the liver. It has been 
suggested that the liver can be protected against further damage by prescribing 
diets having a high protein and carbohydrate content but containing little fat. 
Should subjective complaints develop, intensive antibiotic therapy often quells 
the impending storm. Surgical interventions are used only when complications 
appear. 

Fear that the residual hepatic stones might become dislodged and descend 
into the choledochus has prompted some surgeons to attempt their removal by 
chemical dissolution or by flushing them into the duodenum. As early as 1891, 
Walker®> attempted to dissolve these troublesome stones by irrigating the bile 
ducts with such solvents as ether. Pribram,!* in 1935, further stimulated interest 
in this method by reporting several successful cases. Walters and Wesson,” 
in 1937, hoping to overcome the irritative action of ether, suggested irrigating 
the ducts with a solution of 2 parts ethyl ether and 1 part ethyl alcohol. The 
chemical dissolution was supposed to fragment the stones so the resulting 
debris could be flushed into the duodenum by irrigating the duct with a solution 
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of warm olive oil. They have reported some success with this method, as did 
Best and Hicken.‘ 

It was soon apparent that the instillation of ether or other solvents into the 
bile ducts often provoked undesirable constitutional reactions. Inasmuch as 1 
cc. at atmospheric pressure produces 222.1 cc. of vapor, it was thought that 
rapid volatilization of ether produced such high intraductal pressures that dis- 


Fic. 4. A postoperative cholangiogram which reveals several stones in the ducts of the 
left hepatic lobe, and some in the right hepatic ducts. Several hundred stones had been 
removed from these hepatic ducts during three previous operations. 


tressing pain resulted. Raffe'’ attempted to overcome this complication by using 
a double-lumen catheter, one for the injection of the ether and the other for 
the escape of the volatile gases. Howell'* thought that the gaseous distention 
of the common bile duct initiated an intense spasm of the sphincter of Oddi, 
thereby further increasing the intraductal pressures. Harris and Marcus," 
in 1946, suggested that this undesirable complication could be overcome by 
introducing nupercainal into the common duct, believing that the topical influ- 
ence of this drug would be to paralyze the sphincteric mechanism and allow 
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the gas to pass on into the duodenum. Hicken and McAllister,’? in 1951, made 
manometeric and fluoroscopic studies of the sphincter of Oddi and reported 
that nupercainal instilled into the common bile duct of man exerts no influences 
on the tone of the ampullary outlet. The consensus of opinion seems to be that 
the chemical dissolution of residual ductal calculi is an ineffective therapeutic 
procedure and is often accompanied by undesirable shock-states.’ For many 
years surgeons have attempted to flush or wash the intact intraductal stone 
through the ampullary orifice into the duodenum. Profuse irrigations of the 


Fic. 5. A postoperative cholangiogram which outlines a residual stone in the right 
hepatic duct and a large stone obstructing the ampullary outlet. This patient was later 
operated upon again because of jaundice, and both offending calculi were removed. 


ducts by means of indwelling catheters occasionally accomplished the desired 
result and provided the necessary impetus for continued study. It was soon found 
that the residual pancreatitis and spastic contractions of the sphincter of Oddi 
so narrowed the ductal outlet that only the smallest stones could escape. In 
1938, Best and Hicken‘ suggested the use of the biliary flush as an effective 
method of removing these overlooked stones. They produced a physiologic 
atony of the sphincteric mechanism by administering nitroglycerine, and during 
the time of complete sphincteric relaxation the calculi were forced out of the 
ducts by positive pressure irrigations. Further attempts to increase the efficacy 
of the biliary flush were recorded in 1939 when Best, Hicken and Finlayson’ 
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reported that the viscosity of bile could be decreased and its output increased 
by administering bile salts or dehydrocholic acid. It was hoped that the de- 
creased viscosity of bile and increased flow would carry the elusive calculi 
through the ampullary outlet. 

Stein, Lans and Meyers,” in 1950, reporting on hepatolithiasis, concluded 
that the biliary flush was an effective method for floating the liver stones down 
into the larger bile ducts. They found that the intravenous administration of 10 
to 20 ec. of sodium dehydrocholate stimulated the flow of bile by at least 100 
per cent and increased the intraductal pressures by 25 to 50 per cent. They 
suggested that the increased flow of bile might flush the stones into the duo- 
denum. While this conservative form of treatment has a sound physiologic 
basis, the results have been somewhat disappointing. 

No one will deny that our present methods of managing hepatolithiasis are 
very unsatisfactory, but until more effective plans are developed they must 
suffice (fig. 5). Awareness of the problem and intensive research would seem to 
hold the only answer to this tantalizing problem. 


PROGNOSIS 


As long as calculi remain confined within the hepatic radicles they seldom 
produce symptoms. Occasionally stones set up a localized irritation which may 
terminate in fulminating cholangitis or hepatic abscesses, but fortunately such 
complications are rare. 

The main menace of intrahepatic stones is that they tend to migrate into the 
common bile duct where they often initiate a syndrome of biliary obstruction. 
Apparently, the removal of the choledochal obstruction at the primary operation 
permits such a free flow of hepatic bile that the stones are flushed down into the 
common bile duct. This has been verified by studies on known hepatolithiasis. 
On several occasions we have found intrahepatic calculi at the primary opera- 
tion but were unable to remove them; however, the common duct was cleared 
of all offending calculi. Postoperative cholangiograms outlined normal patent 
common bile ducts; but subsequent cholangiograms, made a few days later, 
demonstrated calculi within the choledochus. The time interval had been much 
too short for stone formation, so the miscreant calculi must have been flushed 
down from the liver radicles. In a follow-up on our 35 cases of known hepato- 
lithiasis, 15 have required subsequent operations for choledochal obstructions. 
It is interesting to note that in 3 instances a persistent external biliary fistula 
required secondary operations for removal of the choledochal calculi. 

Rufanov'® reports a mortality rate of 50 per cent in cases of liver stones. 
Apparently cholangitis, pancreatitis and hepatitis add to the dangers of opera- 
tive intervention. 


CONCLUSIONS 


Hepatolithiasis is not a medical curiosity but complicates approximately 7.4 
per cent of all cholelithiasis. An analytical study of 35 personal cases is presented. 
The same factors which produce gallstones elsewhere—stasis of bile, hyper- 
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bilirubinemia, metabolic dysfunctions, and infection—are responsible for the 
genesis of intrahepatic calculi. 

Hepatic calculi were multiple in 95 per cent of our cases. They were found in 
both lobes of the liver in 51.4 per cent, in the left lobe only in 37.5 per cent, and 
in the right lobe in 11.4 per cent. 

Hepatic calculi produce no characterizing clinical syndrome. Occasionally 
the stones remain silent, but’ when they do cause disturbances, the resulting 
symptoms are those of biliary colic. 

A correct preoperative diagnosis was not made in a single case of our series, 
The calculi were discovered on the operating table by means of operative cho- 
langiography in 51 per cent of the cases, and by postoperative cholangiograms 
in 49 per cent. 

Awareness on the part of the surgeon affords the best opportunity for detee- 
tion. Suspicion of hepatic calculi should be aroused if the extrahepatic ducts 
contain small stones, biliary sand, or inspissated bile pigments; if one segment 
of the liver is enlarged, cirrhotic and bile-stained; if there are localized liver 
abscesses; and if calcified shadows appear on the roentgenograms. 

Stones residing in the large intrahepatic ducts can often be extracted by 
instruments, and biliary sand or debris can often be flushed out of the hepatic 
radicles. The problem of removing multiple calculi seems insurmountable. 
Chemical dissolution or fragmentation of the residual stones by irrigating the 
bile ducts with solvents has been most disappointing. 

Fifteen per cent of our cases required subsequent operations because the 
hepatic stones descended into the large bile ducts and produced either painful 
colic or obstructive jaundice. 
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THE IMPORTANCE OF AUSCULTATION IN THE DIAGNOSIS AND 
MANAGEMENT OF ACUTE ABDOMINAL DISEASE 


Joun A. Guster, M.D., Ketty H. Gusier, M.D., Watter T. MuLuikin, M.D, 
Salt Lake City 


Medical literature has little to say about abdominal auscultation. Textbooks 
are indefinite as to the value and use of auscultation in acute abdominal diagno- 
sis. Many teaching centers apparently share Cope’s view? that very seldom does 
auscultation furnish information which cannot be given by other clinical methods, 
In our resident training program, new appointees rarely have had previous 
experience with abdominal auscultations as a diagnostic aid. And at surgical 
conferences, our interpretations of findings on auscultation not infrequently 
lead to heated arguments. 

In this discussion we shall use the term peristalsis simply to indicate intestinal 
contraction waves. Sounds will be considered as produced by intestinal muscular 
activity and movement of intestinal contents, and no attempt will be made to 
identify and differentiate the phases of peristalsis as was done by Cannon.' 

In order to establish ranges of normal frequency, we have studied 100 pa- 
tients with varicose veins, painful feet, pilonidal cyst, etc., in whom no abdominal 
complaint or demonstrable abdominal disease was present. Our findings are 
indicated in table I. 

Peristaltic sounds occur in baffling variety. Even normal sounds confuse the 
inexperienced since they vary greatly in number and quality. As Vaughan and 
Thorek® point out, auditory perceptions are not easily described. One usually 
resorts to the analogy of familiar, everyday noises. Normal peristaltic sounds 
may be described as gurgles, rustlings or clicks, and are heard only with a stetho- 
scope. Such normal sounds are transmitted throughout the abdomen. 

Nonpathologic variations of bowel sounds are frequently encountered. They 
may be increased by food, drink, air swallowing, drugs, or colonic irritations. 
They may be decreased by starvation, repeated vomiting, or depressant drugs. 

Under pathologic conditions, peristaltic sounds show even greater variations. 
They may be diminished, or increased abnormally, or they may be absent 
altogether. These changes are due to a variety of conditions. Infection that is 
progressing produces decrease of peristaltic activity. Silence reigns when spreading 
peritonitis is established. Spillage of intestinal contents rapidly causes absence 
of peristalsis. Partial obstruction of the gastrointestinal tract leads to increased 
peristalsis with abnormal rushes and borborygmi. Complete mechanical obstrue- 
tion and strangulation obstruction lead rapidly to silence. 

Constituents of blood are not very irritating to the peritoneum, and when 
free in small quantities they lead only to slight reduction of peristalsis. Large 
quantities of blood free in the peritoneal cavity produce marked decreases of 
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peristalsis, and, if spillage continues, silence develops, and pain and tenderness 
increase correspondingly. 

Bile is irritating to the peritoneum, and, when free in any appreciable quantity, 
it produces silence. 

Urine in the free peritoneal cavity decreases peristalsis in proportion to the 
quantity spilled, and also in proportion to the degree of infection present. 
Peristaltic variations are likewise produced reflexly by trauma to the spinal 
cord, trauma to retroperitoneal areas, trauma to the chest, and by biliary and 
renal colic. Blood in the gastrointestinal tract produces increased peristalsis. 
Consequently, repeated examination with the stethoscope is of great value in 
determining persistance or cessation of gastrointestinal bleeding. 

Before considering the usefulness of auscultation in specific conditions, it is 
important to clarify the phrase silent abdomen. Many difficult decisions of judg- 
ment rest on this determination. It has been our practice to call an abdomen 
silent only when repeated auscultation for four minute periods of time fails to 
reveal positively identifiable peristaltic sounds. Under conditions of ileus or 


TABLE I 

Abdominal auscultation. Number of peristaltic sounds heard in 100 normal abdomens 
Hours Postcibum No. Cases | & Average No. in 

1 hour 15 13 32 22 

2 hours 33 6 30 14 

3 hours 20 4 30 14 

4 hours 18 5 28 14 

5 hours 9 7 28 14 

6 hours 4 6 | 20 14 

18 hours 1 5 | 5 5 


complete mechanical obstruction with distention of bowel, metallic splashes 
may be heard that are produced by the palpating hand, the stethoscope, or by 
the patient’s respirations. Meticulous examinations with repeated attempts to 
reproduce these sounds by turning the patient, by palpation, and by correlating 
with respirations may be necessary. 

To indicate more clearly the usefulness of abdominal auscultation we shall 
consider a number of specific pathologic entities. In this study, several thousand 
patients with acute abdominal diseases have been observed. 

Appendicitis. At the outset there is usually little if any alteration of peristalsis. 
In occasional early cases of appendicitis accompanied by diarrhea, the bowel 
is active and peristalsis is increased. With progression of the disease, peristalsis 
decreases. This decrease of peristalsis may first be apparent in the right lower 
quadrant of wherever the appendix is located. Stevens® has pointed out the 
importance of increasing pain and tenderness with decreasing peristalsis in 
differentiating appendicitis from gastroenteritis and conditions of colonic irrita- 
tion. The lack of such progression and adequate stool examinations have enabled 
us to differentiate and diagnose many cases of amebiasis. 

With continued spread of infection in appendicitis and establishment of 
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peritonitis, the abdomen becomes silent. Later in the disease, if a localized 
appendiceal phlegmon is formed, peristalsis returns, producing rushes, borbo- 
rygmi and pitch changes which characterize partial mechanical obstruction. These 
changes are extremely important in the evaluation of questionable inflammatory 
masses. In some instances, conservative management may be more judicious 
than immediate surgery. 

Perforated Peptic Ulcer. With establishment of open perforation, the sudden 
spillage of stomach or duodenal content rapidly produces a silent abdomen, 
Small perforations, and cases seen late in which spontaneous closure of the per- 
foration has taken place, show return of peristalsis with rapid decrease of pain, 
tenderness and muscle resistance. The immediate surgical indication has then 
passed. 

Intestinal Obstruction.‘ Present day methods of intestinal intubation, restora- 
tion of fluids, proteins, and electrolytes have enhanced the importance of ab- 
dominal auscultation. Partial mechanical obstruction, whether due to adhesions, 
tumors, or hernias, produces an active bowel with rushes, metallic tinkles, bubbling, 
loud and resonating sounds. The correct interpretation of these sounds and good 
conservative care will save many patients from unnecessary immediate surgery. 
Cases requiring surgery later may be given better definitive diagnosis and 
treatment. 

In complete strangulation obstruction, whether due to mechanical or vascular 
causes, peristalsis rapidly decreases. Vaughan and Thorek® aptly state the prob- 
lem: ‘The tighter the obstruction, the quieter the abdomen.”’ In silent obstrue- 
tions surgery should not be delayed. Great care and judgment may be necessary 
to positively identify peristaltic sounds, excluding sounds produced by palpa- 
tion, motion, or the patient’s respirations. 

Pancreatitis. Discussion of symptomatology and physical findings is beyond 
the scope of this paper. Most serious errors in diagnosis are due to confusion in 
differentiation from open perforated peptic ulcer and high small bowel strangu- 
lation. Amylase studies are not entirely specific for pancreatitis and may on 
occasion be greatly elevated in perforated ulcer and in high small bowel strangu- 
lation. In this differential diagnosis auscultation has been of great value. 

The onset of acute hemorrhagic pancreatitis is not accompanied by a silent 
abdomen, but after the process has been established for 12 to 24 hours ileus 
becomes established and the abdomen is very quiet. In milder forms of pancrea- 
titis, the abdomen never becomes silent. The onset of ileus in open perforated 
peptic ulcer is much more rapid. This observation, with other evidence, usually 
permits rapid and exact diagnosis. In high small bowel strangulation, clinical 
and roentgenographic evidence of obstruction is present. The onset of a silent 
abdomen varies with the etiology of the strangulation. It is an ominous develop- 
ment. 

Acute Cholecystitis. In this condition there may be little or no disturbance 
of peristalsis. Severe colic may produce some degree of ileus. Progressive disease 
with empyema and threat of perforation leads to decrease of peristalsis and 
increase of pain and tenderness. Perforation with free spillage results in peri- 
tonitis and a silent abdomen. 
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Pelvic Conditions. Tubular inflammatory disease, ovarian torsion, rupture 
of ovarian follicle, and ruptured ectopic pregnancy produce few changes in 
peristalsis unless the spread of infection is great or bleeding is present in a large 
quantity. Peristalsis may then be decreased or absent. 

Late inflammatory disease may lead to phlegmon formation with increase 
of peristalsis and the sound changes which characterize partial mechanical 
obstruction. 

Trauma to the Abdomen. In evaluating nonpenetrating injuries of the ab- 
domen, auscultation is a valuable adjunct. It is of help also in penetrating wounds 
of the abdomen. Rob* found auscultation useful in a large series of abdominal 
war casualties. 

We have pointed out already the changes of peristalsis due to intraperitoneal 
bleeding, spillage of gastrointestinal content, spillage of bile or urine, retroperi- 
toneal injury, chest injury and spine or cord injuries. In any case of trauma to 
the abdomen, persistence or prompt return of peristalsis indicates the absence 
of serious intraperitoneal injury. In cases of silent abdomen, however, if the 
silence is confirmed by repeated examinations, surgical intervention is indicated 
unless pain and tenderness are absent. 


SUMMARY 


An attempt has been made to establish ranges of frequency of peristaltic 
sounds in normal people. Difficulties may be encountered by the inexperienced 
in evaluating normal peristaltic sounds and nonpathologic variations. 

The pathologic variations of bowel activity produced by infection, spillage 
of gastrointestinal content, obstruction of the gastrointestinal tract, and peri- 
toneal soilage by blood, bile, and urine should be more generally known. Reflex 
alteration of peristalsis occurs incident to biliary colic, renal colic and trauma. 

Auscultation is useful in the diagnosis and management of appendicitis, 
perforated peptic ulcer, intestinal obstruction, pancreatitis, acute cholecystitis, 
and pelvic conditions. It is of value also in assessing and handling penetrating 
and nonpenetrating injuries of the abdomen. 

While many roentgenologists and possibly some internists consider the stetho- 
scope an obsolete instrument, once used to examine the heart and lungs, it still 
has a field of great usefulness in abdominal examinations. The information 
yielded by auscultation of the abdomen should be available to internists and 
surgeons alike. 
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MECKEL’S DIVERTICULUM 
A REVIEW OF SIXTY-THREE CASES IN ONE CITY 
Watuace 8. Brooks, M.D., Ph.D. 


Salt Lake City 


INTRODUCTION 


This paper has as its purpose an investigation of what actually happened 
to a group of patients with Meckel’s diverticulum treated during a 10 year 
period in the hospitals of an average community of about 250,000 people. The 
surgery was done by both general practitioners and men specializing in surgery; 
by doctors in veterans’ hospitals and by residents in training programs. However, 
more cases were done by general practitioners than by any other group. The 
cases numbered 63. The mortality rate of the operative cases in which Meckel’s 
diverticulum was responsible for signs and symptoms was a depressing 15.6 
per cent. 

I was prompted to undertake the study by that mortality rate and by state- 
ments such as, “I have never seen a Meckel’s diverticulum,” made by a surgeon 
who has opened thousands of abdomens. If that assertion is literally true, does 
it not mean that this surgeon has failed to look for diverticula; for instance, 
when the appendix is found to be normal at operation for right lower quadrant 
pain? 

Also heard was a statement by a general practitioner who mentioned that he 
had found a large Meckel’s diverticulum “which was doing no harm, so I left it 
untouched.” Might not a study reveal that this policy is a hazardous omission? 

Another cloakroom discussion produced an announcement that “a purse 
string suture is the best way to handle these diverticula.”’ Did any cases handled 
this way develop intestinal obstruction? 

This survey is an attempt to find an answer to those questions. There were in 
addition several interesting cases which in themselves merit brief description. 


STATISTICAL EVALUATION 


Table I summarizes the results of the study involving five hospitals in the 
Salt Lake City metropolitan area. 

It was found that in one hospital Meckel’s diverticulum was removed 35 
times in about 32,000 abdominal operations over a 9 year period. This is roughly 
a 0.11 per cent occurrence. It may be compared to Balfour’s' figure of a 0.14 
per cent occurrence in 10,000 laparotomies at the Mayo Clinic. It follows that 
if a surgeon has done 1000 laparotomies, and is alive to the possibilities, he 
should find one or more diverticula in such a group. Actually, this is a conserva- 
tive estimate. In a series of 20,000 autopsies collected from Zurich, England, 
France, Boston City Hospital, and Johns Hopkins, the incidence was 0.6 per 
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cent (Wolfson and Clurman®). The difference between autopsy figures and 
operative frequency indicates that four or five undiscovered diverticula are 
present for every one that is recorded at operation. Of course, there are some- 
times adequate reasons for not examining the small bowel; however, in some 


TABLE I 
Analysis of cases 
Symptomatology 
Cases with asymptomatic diverticulum (incidental finding).................. 27 
Cases with diverticulum responsible for symptoms and signs................ 32 
Cases with uncertain relation to symptomatology........................... 4 
Incidence 
Pathology and Complications* 
Acute, subacute or chronic infection of diverticulum........................ 16 cases 
Intussusception involving 3 cases 
Colonic mucosa or pancreatic tissue in diverticulum. ....................... 3 cases 
No pathology (other than existence of anomaly)........................00-. 31 cases 
Correct Preoperative Diagnosis 
In cases associated with umbilical 1 (33%) 
Mortality 
Mortality rate in patients with diverticulitis...........................0.055 15.5% 


* Often two or more of these pathologic lesions coexisted. 


instances it is obvious that the surgeon does not search for a Meckel’s diverticu- 
lum when it would be to the patient’s advantage to do so. 

In about one-half of the present cases the diverticulum was an incidental 
finding, but in 32 of 63 cases it was responsible for the symptoms and signs. 
In these cases one is concerned with the 15 per cent mortality rate. All 5 patients 
died of peritonitis with associated biochemic and physiologic imbalances. In 1 
case a patient was not operated upon as soon as he should have been, being held 
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in a nearby town despite signs of peritonitis. In another case the diverticulum 
was not searched for, even though the appendix was found to exhibit peri- 
appendicitis only and was removed. A pelvic abscess formed and the patient 
was readmitted to the hospital where a variety of confusing and disappointing 
procedures, such as cecostomy, were done without avail. The patient died jp 
renal failure with severe oliguria and generalized peritonitis. The source of the 
abscess and peritonitis was discovered only at autopsy. A third case illustrates 
the danger of bowel resection for Meckel’s diverticulum in children. A side to 
side ileal anastomosis leaked, causing peritonitis and subsequent death. A fourth 
case resulted in death due to peritonitis associated with intestinal obstruction, 
in which a Meckel’s diverticulum was the source of peritonitis and the remnant 
of a vitelline duct caused the obstruction. The fifth case resulted in death due to 
septicemia, presumably caused by a postoperative suture leak in a patient who 
had returned home. 

Of interest is the finding that in 37 per cent of the 32 cases with responsible 
diverticula the appendage contained gastric mucosa. The literature reports 
anywhere from 2 per cent to 50 per cent incidence of gastric mucosa in Meckel’s 
diverticula (Clark*). The low figures are from autopsy material and the higher 
from children’s hospitals where gastrointestinal bleeding is often a problem. 
The difference in these percentage figures is considered to arise from the fact 
that Meckel’s diverticula are more prone to bleed in children than in adults; 
accordingly, the diverticulum is removed often in children’s hospitals, and thus 
a large group of diverticula with gastric mucosa is removed from the total sub- 
jected to autopsy later. 

Hunt and Bonesteel‘ reviewed the literature up to 1934 and found 186 re- 
corded cases of aberrant pancreatic tissue. In 13 instances this tissue had been 
found in a Meckelian diverticulum. These authors added a fourteenth case. 
One diverticulum in my series showed ectopic pancreatic tissue. This was an 
incidental finding. 

Christie? reported that nearly 75 per cent of his 63 cases were in males, and 
quoted Kettler as stating that 83 per cent of 109 cases were males. In the present 
series, however, only 47 per cent were in males. 

It has long been recognized that persons with Meckelian diverticula also have 
an unusually high incidence of other congenital defects such as club feet, spina 
bifida, pilonidal cysts and heart lesions. Christie reported an incidence of 33 
per cent of associated anomalies of that type. In my series there were 3 children 
with umbilical hernias, and 2 adults with congenital defects of skeletal structure, 
but the records are not complete enough to determine whether other congenital 
defects may have been present. 

Table I reveals a poor record of diagnosis. Five out of 6 cases with bleeding 
per rectum were operated upon with a correct leading diagnosis; 1 out of 3 of 
the cases with umbilical hernia was thought preoperatively to be associated 
with a Meckelian diverticulum; but in no other case was a correct diagnosis 
made before operation, even when symptoms were due primarily to the diverticu- 
litis. 
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ILLUSTRATIVE CASES 


Case 1. Fig. 1. Shows the large omphalomesenteric cyst removed from a male patient, 
35 years of age, who was operated upon as an acute abdominal emergency. The diagnosis 
preoperatively was perforated peptic ulcer. The peritoneal cavity contained a moderate 
quantity of fluid. The cystic growth was found densely adherent to the peritoneal area of 
the umbilicus and was connected to a Meckel’s diverticulum from the mid-ileum. The 
afferent and efferent intestinal loops, together with the diverticulum and cyst at the apex, 
constituted a volvulus. Leakage of the cyst was responsible for signs of peritoneal irrita- 
tion. The cyst and Meckelian diverticulum were removed, and the volvulus was corrected 
without further resection, and the patient made an uncomplicated recovery. 

Case 2. Fig. 2. Shows a pediatric case with a persistent omphalitis which had been treated _ 
with innumerable local agents. Failure of nonsurgical methods to cure the condition was 


DIVERTICULUM 
> 


Fic. 1. Meckel’s diverticulum of case 1 and associated omphalmomesenteric cyst which 
were removed at operation. 


a 


due to an underlying Meckel’s diverticulum and persistent umbilical tract, indicated by 
the probe. 

The artist’s drawing of a composite specimen (fig. 3) illustrates how cases 1 and 2 could 
occur. 

Case 3. Fig. 4. A cross section of a Meckelian diverticulum. A polypoid intraluminal mass 
can be seen which contains gastric mucosa. This lesion occurred in a 40 year old man who 
had frequent recent attacks of bleeding per rectum. His past history revealed an unsuccess- 
ful appendectomy at the age of 8 years with postoperative fistula drainage for 4 years. A 
laparotomy, many years later, disclosed a large diverticulum which had previously perfo- 
tated into the base of the mesentery of the small intestine. 

Case 4. Fig. 5. Shows a Meckelian diverticulum 7 em. in length which was removed from 
46 year old boy. The patient had had about one week of abdominal pain in daily attacks. 
When explored, a perforation at the tip of the diverticulum was found. This is easily visible 
in the photograph. The operator closed the ileum by means of a tie around the stump 
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Fic. 2. Preoperative appearance of the umbilicus in case 2. The excised umbilical sinus 
and underlying Meckel’s diverticulum are shown in the right-hand figure. 


PERIPHERAL 
REMNANT OF 
OMPHALO MESENTERIC 

DUCT 


Fic. 3. Remnant of the omphalmomesenteric duct which could produce either the cyst 
of case 1 or at persistent sinus of case 2. 
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Fic. 4. Cross section of the diverticulum of case 3. The polypoid intraluminal mass 
contains gastric mucosa. 


Fic. 5. The diverticulum of case 4 showing a perforation at the tip 
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plus two concentric invaginating pursestring sutures. Recovery was reasonably rapid and 
no obstructive symptoms developed subsequently despite a type of closure that is not with- 
out danger because of the large segment of tissue turned in to narrow the lumen. 

Case 5. An additional case is reported without photography because it represents one 
reason for the high mortality rate previously mentioned. A 24 year old man entered the 
hospital because of abdominal pain about 12 hours after the onset. Clinical indications 
dictated an operation supposedly for acute appendicitis with early peritonitis. The right 
lower quadrant was explored and a slightly hyperemic appendix was removed. This ap- 
pendix was not likely to have caused the signs of peritoneal irritation and did not explain 
the profuse fluid found within the abdominal cavity. Despite this occurrence, the operator 
began to close the incision and was persuaded with difficulty to search the small bowel, 
When the ileum was explored, an early strangulation of a loop of small bowel was found 
incarcerated between the vertebral column and an acutely inflammed Meckelian 
diverticulum which was attached to the base of the mesentery. Failure to search the bowel 
in this case would have been responsible for another death in all probability. 


DISCUSSION 


A review of all cases occurring in a single locality presents many problems, 
not the least of which is assessing hospital records which are not always complete 
in regard to progress notes, operative recordings, or preoperative diagnostic 
possibilities. It is likewise difficult to get adequate long term follow-ups on some 
patients. Nevertheless, if we as doctors are ever to take stock of and improve 
our shortcomings in morbidity and mortality, it behooves us to study our own 
results and take note of what happens to patients treated in our own com- 
munities, as well as of the results in well-run university teaching hospitals from 
whence come most medical writings. 

It is apparent that there are many undiscovered Meckelian diverticula in 
patients subjected to abdominal operations. Most of these obviously never cause 
trouble. If an inexperienced operator discovers a diverticulum incidentally and 
is convinced that the diverticulum is not, and never has been, the source of 
trouble, it might be safer to let the diverticulum alone; certainly if it would 
involve resection an. anastomosis of the main ileum. With an experienced 
operator and a good risk patient it probably would be wisest to remove most 
Meckelian pouches—innocent or not—if by so doing it would not jeopardize 
the patient’s life by prolonging anesthesia, or constitute danger by inviting 
obstruction or other complications. However, it is regrettably true that in teach- 
ing and nonteaching hospitals the writer has seen abdomens closed after removing 
a normal appendix, when the symptoms and signs would demand an exploration 
for other possible causes of abdominal pain. 

Omphalitis particularly in infants should suggest that a persistent vitelline 
tract might be present. 

There is no evidence in this group of cases that intestinal obstruction was 
caused by concentric pursestring closures of the base of a Meckel’s diverticulum; 
however, certainly in children, a Heineke-Mikulicz procedure, or preferably the 
oblique closure advocated by Ladd and Gross, would seem wiser. 

In this survey it was impossible to determine in all cases why certain proce- 
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dures were used. It was also impossible to tell how far from the ileocecal valve 
most of these diverticula were because of inadequate operative notes; yet the 
hospital records of this community are equivalent to those of similar hospitals 
elsewhere. It is presumed that studies of some other cities in the United States 
would disclose these shortcomings and perhaps similar morbidity and mortality 
rates. 

Although too high, the mortality figure of roughly 15 per cent can be dis- 
cussed in terms of the era in which they existed. The period 1941 to 1951 in- 
cluded the years of World War II when doctors were scarce in many outlying 
communities of Utah, and the common practice was to send problem patients 
to Salt Lake City. Antibiotics were not used during the first part of this period. 
Because all deaths were related to infection, it is logical to assume a better 
mortality in 1951 to 1961. 

Certain characteristics of diagnosis may bear brief discussion: 

1. Obscure gastrointestinal bleeding in adults, not just in children, demands 
consideration of Meckel’s diverticulum. 

2. If, at operation for appendectomy, the appendix is normal or shows only 
peri-appendiceal inflammation, a search for a Meckel’s diverticulum should 
be made. 

3. In the presence of persistent omphalitis, the attending physician should 
use means to rule out a remnant omphalo-mesenteric tract and diverticulum. 

4. If the appendix has been removed, but peri-umbilical and right lower 
quadrant pain occurs again, a diverticulum should be kept in mind. 

5. Whether intussusception is present or not, pain with a Meckelian diverticu- 
lum is inclined to be accompanied by more vomiting, distension, and colic than 
the usual case of appendicitis; also, the pain may be nearer the umbilicus. These 
signs and symptoms naturally only create an index of suspicion and are not 
infallible. 


SUMMARY 


Sixty-three cases of Meckel’s diverticulum were observed during the decade, 
1941 to 1951, in the five hospitals of a community of 250,000 people. Approxi- 
mately one-half of the diverticula were diseased and producing symptoms, the 
remainder were found incidentally at operation. 

Review of these cases reveals a rather surprising mortality rate of 15 per cent. 
This figure is relevant to the 32 cases in which the diverticulum was responsible 
for pathologic change. 

It appears that occasional operators all too often are unaware of the incidence 
of Meckel’s diverticulum; of its importance in the differential diagnosis of 
acute conditions within the abdomen, and of ways to deal with it properly when 
discovered. 

Certain clinical situations are discussed. These demand consideration of a 
Meckel’s diverticulum in differential diagnosis. 
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DUPLICATION OF THE STOMACH WITH EXTENSION 
INTO THE CHEST 


Carrot D. Goon, M.D. 
Salt Lake City 


As far as can be ascertained, this is the second case to be reported of duplica- 
tion of the stomach with extension of the cyst into the mediastinum. The ex- 
tension in this instance complicated both diagnosis and treatment. 

Duplication of the alimentary tract is a relatively uncommon congenital 
disease. By far the largest reported series was by Gross, Holcomb and Farber® 
who reviewed 68 cases seen at the Children’s Hospital in Boston from 1928 
through 1950. In 40 per cent of those patients the ileum was involved. 

Duplication of the stomach is rare. To date only 11 reported cases have been 
found in the literature. These are listed in Table I. Gjérup* of Copenhagen in 
1933 described an anomaly in a 17 day old female which was probably similar 
to the case reported here. 


CASE REPORT 


A male infant, J. T. B., aged 2 months, was brought to the Salt Lake General Hospital 
on Feb. 5, 1952 because of symptoms of mild upper respiratory infection of one week’s 
duration and regurgitation of feedings for one day. He had been a full-term baby weighing 
7 pounds 5 ounces. His course since birth was apparently normal. 

Physical examination revealed a well nourished, well developed infant in no distress, 
with no evidence of respiratory infection. The only abnormal finding was a well-defined 
mass about the size of a tennis ball in the left upper quadrant of the abdomen. This mass 
was smooth, cystic, non-tender and slightly movable. It was unattached to the anterior 
abdominal wall and was not palpable from the flank. 

Hemogram, urinalysis and blood chemistries were normal. Serum amylase was 15 units. 
Three stool examinations were guaiac negative. Roentgenograms revealed a round, soft 
tissue mass in the left upper quadrant of the abdomen, 7.5 cm. in diameter, which lay below 
the diaphragm and displaced the stomach and colon anteriorly (fig. 1). The alimentary tract 
was normal otherwise and barium did not enter the mass. Anteroposterior and lateral chest 
roentgenograms revealed one or more irregularly rounded masses which extended laterally 
from the mediastinum, coursed behind the heart, and displaced the esophagus anteriorly 
(fig. 2). Unfused vertebral bodies and hemivertebrae were noted in the upper dorsal and 
cervical regions (fig. 2). Intravenous pyelograms and skull roentgenograms revealed no 
abnormalities. 

A diagnosis was made of duplication of the stomach, but no conclusion was reached 
regarding the mass or masses in the chest. 

The infant was kept under observation for about three weeks. Additional studies did not 
clarify the diagnosis further. Feedings were taken well. There were several episodes of 
paroxysmal coughing with some associated cyanosis. Oxygen was administered as indicated, 
and antibiotics were used as a preventive against infection. One transfusion was given. 

On February 25, the abdominal mass was exposed through a left paramedian incision. 
A thick-walled, tense cyst was found which filled and distended the lesser peritoneal cavity. 
It was considerably larger than the stomach and was intimately fused to the posterior wall 


From the Department of Surgery, University of Utah College of Medicine and Salt Lake 
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TABLE I 
Reported cases of duplication of the stomach 


1953 


Author(s) Age and/or Sex | Remarks 

Gjérup* 17 days (F) Probably similar to this cage 

Ladd and Gross*® 7 years Along stomach 

Ferraro® 6 months (F) ‘Enterocytoma’”’ 

McCutchen® 27 years (M) | Hourglass cyst, a portion 
being within the gastrie 
wall 

Miller and Ginsberg" 33 years (M) | Cystic mass intimately at- 


McCutchen and Josey!® 


H¢gyer and Andresen’ 


Berg and Marx? 
Gross, Holeomb and Farber® 


Barbosa et al! 


Nolan and Lee!” 


5 months (F) 
26 years (M) 


2 years (M) 
3 days 


33 years (F) 


35 years (M) 


tached to pylorus 
Meckel’s_ diverticulum 
tached to duplication of 
stomach 
“Cardio-duodenal duct”— 
duct connecting _ lesser 
curvature to duodenal bulb 
Situated on anterior wall of 
distal third of stomach 
Along greater curvature of 
stomach 
Cyst attached to posterior 
wall and greater curvature 
of stomach from prepyloric 
region to fundus 
Duplication from esophago- 
gastric junction to mid- 
portion of greater curva- 
ture 


Fia. 1. Preoperative roentgenogram. Lateral view of barium-filled stomach draped over 


the abdominal mass. 
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Fig. 2. Preoperative roentgenograms, Feb. 6, 1952. (a) Anteroposterior view showing 
anomalies of the vertebrae, and (faintly) a mass extending into the right hemithorax. 
(b) Lateral view showing the large, spherical abdominal mass. 
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Fic. 3. (a) Low and (b) high power photomicrographs of the cyst wall showing the 
characteristic muscle and submucosal layers, and a remnant of intact mucosa. 


of that organ. The upper pole, which tapered off, could not be clearly defined. There was no 
attachment to the pancreas, or to the kidney which lay posteriorly. More than 100 ce. of 
clear, colorless fluid were aspirated from the cyst. This fluid had a pH of 6.5; contained 4 
few unidentified cells, and was sterile. The wall of the empty cyst underwent muscular 
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b 


Fic. 4. Postoperative roentgenogram, March 21, 1952. (a) Anteroposterior and (b) 
lateral views of the cavity which has been injected with lipiodol. The marsupialized ab- 
dominal portion, poorly filled, does not show well. 


contractions, which gave it an appearance like that of normal stomach wall. The palpating 
finger in the lumen of the cyst did not discover any extension into the thorax. 

Because of wide attachment of the cyst to the stomach wall, extending from the lesser 
to the greater curvature, and longitudinally more than half the length of the stomach, 
resection seemed out of the question. Instead, the anterior presenting portion of the cyst 
was cut away, and the resultant defect was sutured to the peritoneal margins of the upper 


We 
a 


726 CARROLL D. GOON 


half of the incision. A plain gauze drain was left in the marsupialized pouch with the thought 
that mechanical irritation and invasion of bacteria causing a low-grade infection would 
tend to destroy any epithelium present and promote ultimate obliteration of the cavity, 

Microscopic examination of the cyst wall revealed smooth muscle covered in places by 
glandular epithelium (fig. 3). ? 

Postoperatively, the infant was afebrile and did well. The gauze drain was replaced fre- 
quently. Small amounts of slightly purulent drainage were observed. The pouch decreased 
steadily in size. Roentgenograms of the chest revealed the previously observed mass or 
masses to be smaller and less distinct. There were no more episodes of cyanosis. Roent- 
genographic examination on March 21, 1952, with lipiodol injection of the cavity revealed 
an extension into the thorax reaching as high as thoracic 4 (fig. 4). The thoracic and ab- 
dominal portions of the cyst were connected by a narrow segment which traversed the 
diaphragm. There was no communication with the air-passages or esophagus. 

At the time of writing, 14 months after operation, the marsupialized opening has con- 
tracted down to a small sinus which is kept open by means of a rubber tube, and the gastric 
pouch is smaller. There is some question, however, from repeated lipiodol studies, whether 
the thoracic portion of the cyst is potentially any smaller than it was originally (fig. 4). 
The child remains symptomless. 


DISCUSSION 


In 1933, Gjérup reported an instance of “double esophagus and double 
stomach.”’ Although the anomaly was not recognized by the author as being 
primarily a duplication of the stomach with extension into the thorax, there 
cap be little doubt from his description that the lesion was similar to the one 
presented in this paper. 

Duplications of the alimentary tract may arise anywhere, from the base of 
the tongue to the rectum. Those in the chest may appear as isolated cysts, or 
they may arise from the esophagus. Or they may be extensions from intestinal 
duplications. Gross, Neuhauser and Longino® in 1950 reported 3 cases of this 
last type. Snodgrass" collected 6 such cases from the literature and contributed 
a seventh. Williams and Johnson" in a review of the literature found reports 
of 32 cases of mediastinal cyst and added a case of their own. The majority of 
these cysts were in the region of the middle third of the esophagus and usually 
extended into the right hemithorax. Many of these cysts contained gastric 
mucosa. 

Six of the 7 cases collected by Snodgrass" had associated developmental 
anomalies of the cervical and upper thoracic vertebrae. 

In the present case, it was hoped that prolonged drainage and low grade 
infection of the cavity would lead to obliteration of both the gastric cyst and 
its mediastinal extension. To date this hope has not been realized. Fortunately, 
the narrow connection between the abdominal and thoracic portions of the cyst 
has remained patent. Attempts to pass a fine catheter through it always produce 
paroxysms of coughing which are difficult to explain satisfactorily. A suggestion 
that a sclerosing solution might be injected into the cavity to encourage oblitera- 
tion was discarded as being too risky. It is possible that transthoracic excision 
of the mediastinal extension of the cyst may have to be done eventually. Mean- 
while, the child is in good health and is growing normally. 
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SUMMARY 


A case is reported of duplication of the stomach with extension of the cyst 


into the chest, a rare anomaly. There were associated developmental anomalies 
of the cervical and thoracic vertebrae. 


The mediastinal extension of the gastric pouch in this instance complicated 


both the diagnosis and treatment of the condition. 


The gastric pouch was marsupialized. Now, 14 months later, it is still present 


although smaller. The intrathoracic extension of the cyst has not shown any 
appreciable decrease in size and may necessitate removal at a later date. 


— 
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THE ANTERIOR COMPARTMENT (ANTERIOR TIBIAL) 
ISCHEMIA SYNDROME 


H. Morerz, M.D. 
Salt Lake City 


Anterior compartment ischemia syndrome is a definite entity produced by ische- 
mia of the structures within the anterior compartment of the leg. That ischemic 
necrosis in various parts of the body may occur, particularly as a result of injury, 
has long been recognized. The first report concerned primarily with this syndrome 
was by Sirbu, White and Murphy" in 1944. Since that time, others including 
Horn,‘ Phalen,’ Pearson and associates,!? Hughes,’ and Carter and associates, 
have written about this condition, referring to it as “‘Volkman’s Ischemic Con- 
tracture of the Leg’’, ‘Traumatic Necrosis of Pretibial Muscles”’, “‘Acute Ischemia of 
the Anterior Tibial Muscle and the Long Extensor Muscles of the Toes’’, “Ischemic 
Necrosis of the Anterior Crural Muscles’, “Ischemic Necrosis of the Anterior 
Tibial Muscles’’, or ‘The Anterior Tibial Syndrome’’. The designation “Anterior 
Compartment Ischemia Syndrome”’ is suggested as being more inclusive and more 
correct. The term indicates that the symptoms and signs are due to ischemia, 
without specifying the etiology. It implies that all the contents of the anterior 
compartment may be affected, not just a particular muscle. It also permits 
inclusion of those patients with ischemia in whom the process does not go on to 
necrosis. 

Ischemia of the anterior compartment contents may be manifested by pain 
and tenderness, both locally and in the area normally supplied by the anterior 
tibial artery and nerve, and by the lack of function of the contents of the com- 
partment. The syndrome should be suspected therefore when there is pain and 
tenderness in the area of the anterior compartment, particularly when these 
symptoms are associated with paralysis of the contained muscles, with absence 
of the dorsalis pedis pulsation, or with anesthesia between the first and second 
toes. Not all of these features need be present. In the early phase there may be 
only local pain and tenderness. The dorsalis pedis pulsation may be present or 
absent. Paralysis of the muscles may occur early or much later, or in the milder 
forms may even be absent. Sensory changes are inconstant. 


CASE REPORTS 


The records of 4 patients with this syndrome who have been observed during the past 
three years are presented in some detail. 

Case 1. C. L., a 70 year old white woman, had a stroke, fell, and broke the skin over 
the right tibia. Infection and ulceration followed. 

Three months after the injury, on April 23, 1950, she was admitted to the Salt Lake 
General Hospital for treatment of the ulcer. Significant findings included a moderate 
hypertension, auricular fibrillation, congestive heart failure, and a mild left hemiplegia 
with aphasia which had persisted after several previous cerebrovascular accidents. 


From the Department of Surgery, University of Utah College of Medicine. 
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A3 by 5 em. ulcer with reddened and edematous edges was present over the anterior 
surface of the right lower leg, exposing the tibia in its center. The malodorous, grayish 
yellow pus contained many streptococci, both B-hemolytic and non-hemolytic. 

After digitalization and a few days of a salt-free diet, her cardiac status improved con- 
siderably. The ulcer did not respond to penicillin, compresses and elevation. 

On April 28, under local anesthesia, the ulcer area was explored. The entire mass of 
muscle in the anterior compartment was gray and necrotic, and the anterior tibial vessels 


Fig. 1. Case 1. Photomicrograph of anterior tibial muscle, not in the vicinity of the 
ulcer, three months after the syndrome began. The muscle is necrotic; showing fragmenta- 
tion of fibers and loss of nuclei. 


were thrombosed. The necrotic tissue was excised (figs. 1 and 2), and the area was packed 
open with saline solution moistened sponges. 

With systemic penicillin and streptomycin, and local saline solution compresses, the 
area became quite clean. A partial closure with wire sutures was made under local ane- 
thesia on May 15, and the leg was immobilized in plaster. 

Healing of the wound occurred, except for a small, central area of granulation tissue 
and exposed tibia. On June 29, under local anesthesia, the exposed tibial cortex was re- 
moved and the wound was closed under moderate tension with cotton sutures. Six day 
later the patient developed a high spiking fever, became very cyanotic, and appeared 
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critically ill. Because of the possibility that the recent closure of the leg wound was con- 
tributing to the patient’s acute episode, the wound was reopened and packed with moist 
gauze. She remained gravely ill and developed signs and symptoms of pulmonary emboli, 
Attacks of angina pectoris, which she had had for several years, became more frequent and 
more severe. An electrocardiogram revealed an increase of the right ventricular strain, 
in addition to auricular fibrillation and ventricular extracystoles. Anticoagulants were 
begun, but the patient died on July 14, 1950. 


Fig. 2. Photomicrograph, also in case ¥ of the tissue adjacent to the ulcer. In addition 
to necrosis of the muscle fibers, there is acute inflammatory exudate in the interspaces. 


At autopsy, multiple pulmonary emboli, infarcts to the spleen and brain, aortic throm- 
bosis and rheumatic carditis with mitral stenosis were found. 

Case 2. R. P., a 47 year old white man, was admitted to the Holy Cross Hospital on 
Feb. 4, 1951, with severe pain in the right leg. He had been under observation and treat- 
ment during the preceding three years by his private surgeon for thromboangitis obliterans. 
Contrary to advice, he still smoked occasionally. He was receiving priscoline by mouth. 

On the morning of admission, he happened to be in the hospital where his daughter was 
a patient. While pushing his daughter’s wheel chair he experienced a sudden severe pail 
just below the right knee over the anterolateral aspect of the leg. Dr. K. B. Castleton, his 
private surgeon, saw him within three minutes of the onset of his pain and noted an area 
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of pinkish-blue mottling about 4 inches in diameter just below the knee on the antero- 
lateral aspect of the leg, and a second area, 3 inches in diameter, on the inner aspect of 
the same knee. The affected leg was distinctly cooler and paler than the left, the second 
and third toes showing the most marked pallor. 

No pulsation below the femoral artery could be felt on the affected side. The patient 
received morphine sulfate, grain 14 intravenously, and papavarine, gr. 14 intramuscularly, 
within 30 minutes of the onset of the acute episode. Improvement followed this medication 
but some pain persisted in the lateral aspect of the mid-leg and deep in the dorsum of the 
foot. Popliteal, posterior tibial and dorsalis pedis pulsations remained absent. The cool- 
ness and pallor of the leg decreased and the mottling improved. 

A right-sided paravertebral sympathetic block with procaine, administered within 
two hours of the onset of pain, caused further improvement. 

The extremity became warm and near normal in color, but tenderness persisted over 
the anterior compartment. The right popliteal pulse became palpable and of good quality. 
The veins still filled slowly. 

There was no leukocytosis, and his only significant elevation of temperature was to 
100.2 F. on the afternoon of admission. 

A right lumbar sympathectomy was done two days after admission. The foot remained 
warm and dry but slight pain and tenderness persisted in the anterior compartment and 
over the dorsum of the foot. Planter flexion of the foot increased the pain. By the third 
postoperative day he was ambulatory with no foot drop and no anesthesia. Ten days after 
admission, he was discharged with only slight pain in the anterior compartment and dorsum 
of the foot. His pain disappeared shortly after discharge from the hospital. 

On March 20, five weeks after discharge, he was readmitted to the hospital for an entirely 
different, cramping pain in the right calf and foot. The right popliteal pulsation was no 
longer palpable. The patient improved sufficiently with conservative treatment to be 
discharged after four weeks of hospitalization. 

Two subsequent admissions in July 1951, were for suspected pulmonary emboli. He was 
placed on dicumarol therapy for several months. Since then, his only complaint has been 
occasional intermittent claudication in the opposite leg. 

Case 3. H. K., a 49 year old white man, entered the Salt Lake General Hospital on 
March 18, 1951, complaining of pain and swelling of the right leg. Six days previously a 
sudden, severe, cramp-like pain had occurred in the right calf. This pain soon disappeared 
but, the next morning, a dull aching pain was noted in the anterolateral area of the right 
leg. Swelling appeared locally with increase in pain and tenderness. Bluish discoloration 
of the tender area was noted two days prior to admission. 

This patient had smoked about two packages of cigarettes a day for many years, but 
had had no previous symptoms of cardiovascular disease. 

Examination revealed frequent ventricular extrasystoles, but there was no evidence 
of hypertension or arteriosclerosis. Although pulsations were easily felt on the left, none 
was palpable on the right below the femoral artery. A 10 by 15 em. area of anesthetic, red- 
dish-blue skin was present on the anterolateral aspect of the mid-portion of the right leg. 
Hyperesthesia was present over the remainder of the leg and foot. The skin of the right 
foot was 3 to 5 degrees cooler than the left foot. The right calf was 1!¢ inches larger in 
circumference than the left. Except for a milk leukocytosis, laboratory findings were within 
normal limits. 

A continuous right paravertebral sympathetic block produced immediate reduction of 
pain and moderate increase in the skin temperature of the foot. Heparin was begun the 
morning after admission. Because of the favorable response to continuous sympathetic 
block, a right lumbar sympathectomy was done on March 23, 24 hours after heparin had 
been discontinued. Sympathectomy did not prevent the tips of the first and second toes 
from slowly developing dry gangrene. 

Under spinal anesthesia, the anterior compartment was explored on May 8. The gan- 
grenous skin was excised and the fascia was opened. The muscle tissue throughout the 
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anterior compartment was completely ischemic. The entire musculature, nerve and veggelg 
within the compartment were excised with practically no bleeding. The muscle was friable 
and grayish-yellow, and the anterior tibial artery was thrombosed. Skin closure, under 
tension, was made with interrupted wire sutures. The foot was held at a right angle by a 
short cast. 

Microscopic sections showed ischemic necrosis of the muscle, with infiltration by in- 
flammatory cells and an organizing thrombus in the anterior tibial artery (figs. 3 and 4). 


Fig. 3. Case 3. Photomicrograph of muscle from the anterior compartment, eight weeks 


after the beginning of the anterior compartment ischemia syndrome. The necrotic muscle 
has been partially replaced by granulation tissue. 


Gross infection developed in the wound, making it necessary to reopen the incision. 
Subsequently, the area cleaned up considerably, but the tibia remained exposed. On June 
25, after removing the outer cortex of the exposed tibia, the wound was closed with wire 
sutures, utilizing a long, posterior, relaxing incision. The defect produced by the relaxing 
incision was covered with a split-thickness skin graft. 

Massive infection recurred in the anterior compartment, and further efforts to preserve 
the patient’s leg seemed futile. A guillotine type, supracondylar amputation was done 
on June 30, under spinal anesthesia. Secondary closure of the open stump was done on 
the ward two days later by tightening the previously placed wire sutures. 


n 
a 
n 
ti 
n 


ANTERIOR COMPARTMENT ISCHEMIA SYNDROME 733 


Dissection of the amputated leg revealed the popliteal and posterior tibial arteries to 
be free of emboli. Healing occurred without complication and the patient was discharged 
on July 20, 1951 with a well-healed stump. 

Case 4. B. W., a 37 year old white man with rheumatic heart disease, entered the Salt 
Lake General Hospital in 1946 with mitral stenosis and regurgitation, and auricular fibril- 
lation. While hospitalized, a sudden pain and numbness occurred in his right leg, due to 


Fic. 4. The anterior tibial artery of case 3. Note early organization of the recent oc- 
cluding thrombus. The elastica interna and intima are thickened. This thickening is even 
more pronounced in a small adjacent artery, not shown in this illustration. 


an embolus in the posterior tibial artery. Continuous, low spinal anesthesia and papaverine 
were followed by improvement in the circulation of his foot, making embolectomy un- 
necessary. Arteriography showed an occluded posterior tibial artery and a patent anterior 
tibial artery. His right leg soon became symptom free. A transient right hemiplegia, in 
July, was presumably due to a cerebral embolus. 

He was readmitted on Jan. 12, 1953, three hours after the sudden onset of pain, numb- 
hess and pallor in his right arm. By the time of admission, his symptoms had improved 
considerably, but numbness and coldness were still presert in the fingers. The medial side 
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of his forearm was cold and pallid and no pulsation could be felt below the brachial artery. 
His blood pressure was 100/60. Examination of the heart revealed the irregularity and 
murmurs characteristic of auricular fibrillation and mitral stenosis with regurgitation. 
Arterial pulsations were easily palpable in each lower extremity. The right upper extremity 
symptoms and signs cleared rapidly. 

On the third day of hospitalization, a sudden, severe pain occurred in his right leg. 
Examination 15 minutes later revealed marked pallor and coldness up to the knee with 
no palpable pulsation in the entire extremity. A mottled, purplish appearance soon re- 
placed the pallor and extended up to the mid-thigh. A right paravertebral lumbar sympa- 
thetic block was done using 1 per cent procaine hydrochloride followed by 2 cc. of efocaine* 
into each of three areas. He also received 32 mg. of morphine sulfate. The circulation to 
the extremity improved slightly, but a complete loss of sensation and motor power below 
the knee remained. 

Because the leg failed to regain sufficient blood supply to maintain viability, an embo- 
lectomy was begun five and one-half hours after the embolus occurred. Under continuous 
spinal anesthesia the upper femoral and iliac arteries were explored. Penrose rubber drains 
were placed around the artery proximally and distally. A clot, 3 inches long, was removed 
by aspiration from the right common iliac artery through a transverse incision in the femoral 
artery, using a glass suction tip. Blood then gushed from the arterial opening. A rubber- 
shod bulldog clamp was placed on the artery proximally while the incision in the artery 
was being closed. The clamp was then removed and an excellent blood flow was re-estab- 
lished. The glass suction tip also had served to dilate the segment of femoral artery which 
had developed marked spasm secondary to incision and manipulation. This local arterial 
spasm did not recur, at least for the 45 minutes during which the artery was observed. 
Regional heparinization was begun immediately through a small polyethylene tube in the 
femoral artery, proximal to the arterial suture line. 

Within 24 hours after the embolectomy, the leg and foot became very warm. Sensation 
and motor power, including dorsiflexion of the foot, returned even though pulsations 
could not be felt in the foot. Pain, redness of the skin, and tenderness with slight swelling 
was noted over the right anterior compartment three days after embolectomy. By the 
next day he had lost the power to dorsiflex the foot and there was numbness between the 
great and second toes. A diagnosis of anterior compartment ischemia syndrome was made. 
Tissue pressure studies, using the apparatus described by Burch and associates,! showed 
a pressure within the anterior compartment of 13 cm. of water, as compared with a pres- 
sure of 4 cm. of water in the gastrocnemius muscle of the same leg. 

A prompt decompression of the anterior compartment was done under local anesthesia. 
The anterior crural fascia was incised throughout its length. The muscle bellies within the 
compartment appeared almost normal proximally but more distally they were pale. 
There was no obvious bulging of the muscles through the fascia incision. Tissue for bi- 
opsy was not taken. The skin was closed, but the incision in the fascia was left open. 

The function of the anterior tibial group of muscles returned promptly, some return of 
dorsiflexion being noted the day after decompression. The tissue pressure in the anterior 
compartment had decreased to 244 cm. of water, on the third day after decompression, 
and to 2 em. of water, four days later. He was able to walk normally 10 days after decom- 
pression. Regional heparinization was discontinued eight days after embolectomy, but 
anticoagulant therapy was continued systemically for another week. 

Subsequently, the patient successfully underwent a mitral valvulotomy with auricular 
appendectomy (February 5), and was discharged from the hospital on February 14. He 
continued to improve and when last seen in the Out-Patient Department on March 31, 
1953, the strength of the anterior compartment muscles was good. 


* “Ffocaine’”’—the trade name of a depot solution containing procaine which produces 
prolonged local anesthesia. E. Fougera and Co., Inc., New York City. 
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DISCUSSION 

In a review of English literature, reports of 27 patients with anterior com- 
partment ischemia syndrome have been found. Cases were included in this survey 
only if the ischemic processes were confined chiefly to the anterior compartment 
and to the area supplied by the anterior tibial artery: These 27 patients, 3 of 
whom had the syndrome bilaterally, and the 4 cases reported in this paper, are 
summarized in table 1. 

Anatomy. The anterior compartment is the rigidly enclosed space in the 
anterolateral portion of the leg. It is bounded by the tibia medially, the interos- 
seous membrane posteriorly, the anterior crural fascia anteriorly, and the inter- 
muscular fascia (separating the peroneus longus and brevis muscles from the 
extensor muscles) laterally. There are only two significant openings in this com- 
partment: one in the interosseus membrane superiorly, through which the ante- 
rior tibial artery enters; and a slightly wider, but very shallow, opening inferiorly 
which is nearly filled by the tendons, vessels and nerve as they leave the anterior 
compartment beneath the transverse crural ligament. The boundaries of this 
compartment are quite inelastic. 

The structures within the anterior compartment are the tibialis anticus, the 
extensor digitorum longus, the extensor hallucis longus, and the peroneus tertius 
muscles, the anterior tibial (deep peroneal) nerve, and the anterior tibial artery 
and veins. Normally, the only significant blood supply to the contents of this 
compartment is through the anterior tibial artery. Branches of this artery, 
through their anastomoses with the branches of the posterior tibial, the peroneal, 
and the popliteal artery are able to supply only a limited quantity of blood to 
the compartment when the anterior tibial artery is occluded. Hughes® has 
demonstrated beautifully the characteristics of the anterior tibial artery by 
arteriography. The anterior compartment of the leg, its boundaries, contents, 
and blood supply and its two openings are illustrated in figures 5 to 8. These 
drawings were made from a dissection of the area in a relatively fresh cadaver. 

Etiology. In reviewing the reported cases, it becomes apparent that any of 
several factors may have been of importance in initiating this syndrome. From 
the standpoint of etiology, each of these patients may be placed into one of three 
groups: Group I, those in whom there had been strenuous muscular activity; 
Group II, those in whom there had been trauma from external violence; or 
Group III, those in whom neither strenuous muscular activity nor trauma could 
be implicated. 

Group I. Strenuwous muscular activity, particularly in those unaccustomed to 
it, was the apparent cause in 17 of the 31 patients. Marching, playing football, 
and broad-jumping exemplify this type of activity. Admittedly, some external 
trauma may have occurred in those playing football, but the muscular overac- 
tivity was thought to be more important. In 5 patients, the pain occurred while 
kicking the ball, suggesting the possibility of a tear of muscle fibers. Other 
patients first noticed their pain several hours after the strenuous activity had 
ceased. Commonly, the pain began during, or sometime after, a long march. 
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3 A. T. Art., Anterior Tibial Artery; E. D. B., 
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C. F., Anterior Crural Fascia; A. Comp. M., Anterior C. 


+» Extensor Digitorum Longus: T. A. M., Tibialis Anticus Muscle 
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pal Fascia 


1G. 5. olateral view of the right leg with the skin and subcutaneous tissue re- 
partially transparent, the anterior crural fascia is a thick, 
membrane. The insert shows the muscles and tendons exposed by incising and re oe 
the anterior crural fascia. The transverse crural ligament is a very dense icig 8 which, 
in this cadaver, had a separate, enclosed channel for the tendon of the extensor digitorum 


longus. 


Group II. Trawma from external violence had occurred in 7 patients. The 
tibia and fibula were fractured in 4 (cases 1, 2, 8, 14); the tibia and soft tissues 
Were injured in 1 (case 9); a 1 by 3 cm. defect in the anterior crural fascia had 
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Fic. 6. The anterior compartment as it appears after removal of all the muscles and 
tendons. In this cadaver, the recurrent tibial and lateral malleolar arteries were the only 
two branches which could have been expected to contribute materially to the collateral 
circulation to the compartment. No perforators were seen piercing the interosseous mem- 
brane. Note that the superficial peroneal nerve does not enter the anterior compartment. 
The small opening in the interosseous membrane is best seen in the drawing (on the right) 
of the bare compartment. 


been repaired surgically in 1 (case 3); and a fall producing an abrasion of the 
area probably initiated the seventh (case 28). 

Group III. Seven patients had not participated in any strenuous activity and 

had not suffered any known trauma to the area from external violence. In each 

. of these 7 patients, there is reason to believe that ischemia, due to a decreased 


Recurrent Tibial Ariery 
£4 
4 
: wi 
ter 
col 
th 
di 
en 


ANTERIOR COMPARTMENT ISCHEMIA SYNDROME 741 


Exlensor Digitorum 
tongas 


Dihialis 
anierior 


Extensor 
hallucis 
Longas 


Zxtensorp 
hallucts 
longas’ 


Extensor 
dreitoram 
Longus 


_Fic.7. The distribution of the vessels to the muscles of the compartment are illustrated 
with the tibialis anterior retracted forward and medially (on the left), and with the ex- 
tensor hallucis longus retracted forward and medially (on the right). Note that the branches 
course at right angles to the anterior tibial artery into the muscles to be supplied and that 
the branches go between the fibers of the extensor hallucis longus to reach the extensor 
— longus. The arteriograms by Hughes‘ indicate that these branches are essentially 
nd arteries. 


4 
d a >: 
d 
h 
XI 
| 


742 WILLIAM H. MORETZ 


flow of arterial blood into the anterior compartment, was the primary cause of 
the syndrome. Two patients (cases 29 and 30), 1 of whom (case 29) had throm. 
boangiitis obliterans, were thought to have thrombosis of the anterior tibial 
artery. Another (case 27) probably had reflex spasm of this artery so severely 
that thrombosis resulted. One had an embolus to the iliac artery producing 
ischemia of the entire leg (case 31). Two patients, who were in oligemic shock, 
had received blood transfusions in the foot vein on the side later affected (cases 
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Fig. 8. Cross section of the leg showing the relations of the various compartments of 
the right leg. 


21 and 22). In case 13, the symptoms appeared during a systemic febrile illness 
which may have been periarteritis nodosa, and the absence of the dorsalis pedis 
pulse indicated probable occlusion of the anterior tibial artery. 

Symptoms and Signs. During the early course of this syndrome symptoms 
and signs were quite characteristic. These were: pain, swelling, tenderness and 
induration, redness, paralysis of the anterior compartment muscles, anesthesia, 
and, in some instances, a disappearance of the dorsalis pedis pulse. 

Pain in the anterior compartment area was almost always the first and the 
most prominent symptom. It usually began suddenly and was severe and con- 
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stant. Pain occurred also in the dorsum of the foot in several patients in whom 
an arterial occlusion had been the initiating factor. Rarely pain was present over 
the entire lower leg and foot. Swelling, tenderness and induration of the anterior 
compartment area were constant features of the syndrome, usually coming on 
within a few hours of the pain. Beginning on the second, third, or fourth day, 
redness and warmth of the overlying skin were commonly present. 

Weakness or paralysis of the anterior compartment muscles was usual in all 
but the very mild cases. This is manifested by partial or complete inability to 
dorsiflex the foot. The time of onset of paralysis is variable and is determined by 
the severity of the ischemia. Usually it makes its appearance within the first 
24 to 48 hours. Unless the patient is ambulatory, a complete foot drop may go 
unnoticed by both the patient and his physician for several days, or even weeks. 
The typical foot drop position is rarely seen because of shortening or fixation of 
the muscle bellies due to ischemia. Furthermore, flexion or extension of the foot, 
either active or passive, is painful, and the patient soon ceases to attempt these 
movements. 

Anesthesia between the first and second toe is probably far more common than 
has been reported since it is seldom searched for. But, even in some of the severe 
cases it was absent. The lack of anesthesia probably was due more often to the 
variability of the cutaneous distribution of the anterior tibial nerve, than to a 
lack of anterior tibial nerve involvement. When present, there was also paralysis 
of the dorsiflexors. Anesthesia over the dorsum of the foot and the front of the 
ankle has been rarely observed. This area corresponds to the cutaneous distribu- 
tion of the superficial peroneal nerve which does not enter the anterior compart- 
ment, but lies adjacent to, or within the intermuscular septum. For this reason, 
impairment of its function suggests a very severe anterior compartment disturb- 
ance or an involvement of the lateral compartment. 

The dorsalis pedis pulsation was absent from the beginning when occlusion of 
the anterior tibial artery precipitated the syndrome. In most of the reports its 
presence or absence was not recorded. Carter? found it present in each of his 
patients. A low grade fever, with a mild leukocytosis, was commonly observed. 

The late signs and symptoms were very different from the early ones. Several 
months after the acute episode, hardness of the muscles of the anterior compart- 
ment, limitation of ankle motion, and anesthesia between the first and second 
toes were commonly observed. The hardness or woody induration was either 
diffuse over the anterior compartment or limited to only a part of this area. The 
muscles usually were non-tender or only slightly tender. Occasional pain in the 
area of the anterior compartment occurred in several patients, especially after 
walking. Motion of the ankle was limited to both active and passive efforts. 
Paralysis or weakness of the muscles in the anterior compartment accounted 
for the inability of patients to actively dorsiflex the foot. Contracture of these 
muscles prevented a full foot drop and limited the degree of plantar flexion 
possible by either active or passive efforts. 

Pathology. The abnormalities found within the compartment depend to a 
considerable degree upon the time of exploration and, also, upon the severity of 
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the syndrome. The operative findings varied from only slight edema or pallor 
of the muscles in those explored very early, to complete necrosis, or necrotic 
muscle replaced by fibrous tissue, in those explored later. The gross and miero. 
scopic changes seen in the more severe cases are, im general, compatible with the 
effects of infarction. 

Since relatively few patients have been operated upon soon after the onset of 
the syndrome, the early pathologic changes are still somewhat obscure. The 
earliest recorded exploration (case 31) was about 36 hours after symptoms began, 
The only abnormalities demonstrated were an increased tissue pressure (pre- 
operatively) and pallor of the muscles. No tissue for biopsy was taken. Explora- 
tion on the third day after onset of symptoms (case 6) revealed a bulging, edema- 
tous, gray muscle with several areas of port-wine colored muscle about 2 em. in 
diameter. Microscopic sections showed swollen muscle cells with infiltration of 
round and polymorphonuclear cells, and intrafibrillary edema. Ten days later 
the muscle was completely necrotic. In a bilateral case (no. 4) at four days, the 
muscles was bulging, swollen, avascular and grayish-white. At five days (case 3), 
and at six days (case 5), dry, grayish-white gangrene and bulging, gray, avascular 
muscle was present which microscopically revealed degenerating muscle cells, 
some fibrous tissue, and infiltration of round cells, macrophages and atypical 
giant cells. At 18 days (case 10), there was evidence of regeneration of muscle and 
proliferation of fibrous tissue in addition to extensive necrosis of muscle fibers 
and hemorrhage. Fibrous tissue was evident at 20 days in case 16, in what ap- 
peared grossly to be avascular and necrotic muscle. 

Granulation tissue and fibrosis were present, in addition to necrotic muscle 
fibers, in the grossly avascular and necrotic and pale, greenish-yellow muscle ob- 
served after eight weeks and two months (cases 15 and 30). 

After two or three months had elapsed, the muscle bellies were likely to be 
pale and hard, with replacement or encapsulation of necrotic muscle by fibrous 
tissue. Frequently, the degree of fibrosis and the amount of necrosis varied in 
different sites of the same muscle. But even later than three months in some 
patients, the degree of fibrosis was insignificant, presumably due to the lack of 
sufficient blood supply. Evidences of recent and old hemorrhage were seen occa- 
sionally. Rarely, even the skin became gangrenous. 

The status of the anterior tibial artery varied. Occlusion by thrombus was 
proved in 4 patients (cases 6, 27, 28, 30) and patency was proved, by arterio- 
gram, in 4 patients (cases 14, 19, 20, 21). The thrombosis in cases 6 and 27 very 
likely occurred secondary to marked arteriospasm. Microscopic sections of the 
anterior tibial nerves were not obtained. 

Proof that the pressure within the compartment is increased has been provided 
by bulging of the muscle through the fasciotomy incision and by direct tissue 
pressure measurements. 


PATHOGENESIS 


Various explanations for the development of ischemia in this syndrome have 
been offered. Sirbu" assumed that ischemia was due to spasm of the main 
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artery and its collaterals and mentioned the possible role of increased pressure 
within the compartment as a stimulus to vasoconstriction. Hughes® favored 
segmental spasm of the anterior tibial artery as the most likely primary cause 
of the ischemia, and believed that tension within the compartment was probably 
an aggravating factor. Carter and associates’ concluded that sudden and unaccus- 
tomed use of the pretibial muscles traumatized them, ‘‘so that, as the result of the 
rupture of a few muscle-fibers or of hemorrhage into the muscle, the swelling of the 
muscles that normally accompanies exertion is exaggerated; this produces tension 
within the rigid anterior tibial compartment sufficient to impede the circulation to the 
muscles and leads to ischemic necrosis.” 

There is general agreement that the anterior compartment has inelastic 
boundaries and is unable to expand significantly in response to increased pressure 
within it. The two small openings in the compartment (fig. 6) do not permit any 
equalization of intracompartmental with adjacent tissue pressure. 

There also is general agreement that the blood supply to the compartment is 
chiefly through the anterior tibial artery, and that ischemia will result if this 
artery is occluded. The collateral blood supply to the compartment is variable, 
but at best it will not be able to compensate fully for occlusion of the main 
artery. In the cadaver from which the accompanying anatomical drawings were 
made, there were only two collateral arteries of appreciable size connecting the 
anterior tibial artery to the arteries outside of the anterior compartment. These 
were the anterior recurrent tibial artery, which anastomosed with the inferior 
lateral geniculate artery, and the lateral malleolar artery, which anastomosed 
with a branch of the peroneal artery. No branches from the posterior tibial 
artery penetrating the interosseous membrane were demonstrable. This dissec- 
tion exemplified the very limited collateral pathways through which blood may 
enter the anterior compartment. 

Observations in my fourth patient (case 31) may have some bearing on the 
pathogenesis. About 36 hours after the beginning of the syndrome, tissue pres- 
sures were measured and were found to be 13 cm. of water within the anterior 
compartment, as compared to 4 cm. of water in the gastrocnemius muscle. 
Within 24 hours after decompression by fasciotomy, the intracompartmental 
tissue pressure had decreased to 2 cm. of water. Furthermore, the syndrome in 
this patient began at a time when the sympathetic impulses to the area were 
blocked by efocaine. These factors, together with the known pre-existing ische- 
mia (due to an embolus in the iliac artery), suggest that, in this patient, the 
ischemia led to edema and increased tissue pressure without any significant 
arterial spasm. Decompression, by relieving the increased pressure, allowed the 
return of muscle function within 24 hours. The anterior tibial artery was assumed 
to be patent, but no arteriograms were obtained to prove this. No trauma or 
increased muscular activity had occurred. It seems probable that, in this patient, 
the sequence of events was: ischemia, edema, increased tissue pressure, reduced 
arterial inflow, further ischemia and edema, in a vicious cycle which was finally 
interrupted by releasing the increased pressure. 

What is the role of occlusion of the anterior tibial artery in the development 
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of this syndrome? Certainly the syndrome may occur without occlusion of this 
artery. Carter* demonstrated this possibility by arteriography. However, it jg 
probable that occlusion of the artery may occur secondarily in a patient who is 
developing the syndrome, particularly if the vessel is already diseased, as was 
likely in case 28 with arteriosclerosis; or if the vessel is in marked spasm, as was 
probable in case 27. Also, thrombosis of the vessel can be the primary cause of the 
syndrome, as illustrated by case 29 (with thromboangiitis obliterans) and by 
case 30. 

In other instances, the syndrome appeared to be initiated primarily by arterial 
spasm. Case 27, who received a retrograde saphenous vein injection of sodium 
morrhuate, almost surely developed this syndrome on the basis of arterial spasm, 
Cases 21 and 22, each of whom received a blood transfusion into the foot vein on 
the side later affected, are explained best on the basis of arterial spasm. Some 
degree of ischemia probably was present prior to the transfusion, since these 
patients were suffering from oligemic shock. 

It is therefore obvious that in susceptible people any of several factors may 
produce this syndrome. Chief among these initiating factors are arterial throm- 
bosis, arterial spasm, relative hypoxia due to overactivity of the muscle or due 
to ischemia, and trauma. 

An inter-relation exists between these initiating causes and common to all is 
ischemia of the muscle. For example, ischemia is thought to induce arterial 
spasm, and arterial spasm, in turn, will lead to ischemia. Arterial thrombosis 
likewise produces ischemia. Edema, which is present in practically all instances 
of this syndrome, results from and increases the ischemia; it also increases the 
pressure within the anterior compartment. Lewis* has emphasized that less pres- 
sure is required to stop the blood flow to a muscle than is required to stop the 
flow of blood in a main artery. It is reasonable to assume that increased tissue 
pressure reduces the arterial inflow and thus increases the ischemia. A vicious 
cycle is set up, the ultimate result of which, unless it can be interrupted, is 
necrosis. 


TREATMENT 


As stressed in previous reports, especially that of Carter and associates,’ dis- 
semination of knowledge about this syndrome, and the prophylactic measures 
which can be used, should accomplish much in reducing the permanent disabilities 
which have been observed in the past. The dangers of strenuous or prolonged 
use of these muscles in those unaccustomed to such activity need to be empha- 
sized. The significance of persistent pain in this area following strenuous exercise 
should become common knowledge to physicians and appropriate army officers. 
For those in whom vigorous activity initiated the pain and in whom pain and 
tenderness is minimal, complete recovery may result from simply avoiding further 
overactivity. 

However, if the pain and tenderness are severe, particularly if tenderness is 
associated with induration and swelling, strict bed rest should be enforced. The 
leg should be elevated. Frequent observations must be made to determine 
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whether the syndrome is progressing or improving. If improvement occurs, no 
further therapeutic measures are necessary. On the other hand, if weakness of 
dorsiflexion should develop, or if there is increase in the other signs and symp- 
toms, more active treatment is advocated. Since there is evidence that spasm of 
the arteries does occur, and since improvement has been observed following 
interruption of the sympathetic impulses, my preference is to block the sympa- 
thetic chain on the affected side with procaine. If the block is effective, it may be 
repeated. Should a more lasting effect be desired, a continuous sympathetic 
block may be instituted” or the longer acting efocaine may be used instead of 
procaine. Sympathectomy may be preferred, particularly if there is pre-existing 
arterial disease, such as thromboangiitis obliterans. 

For those patients in whom the anterior compartment muscles have lost their 
function, either under observation or shortly before being seen, a prompt decom- 
pression of the anterior compartment by incising the anterior crural fascia widely 
probably offers the best prognosis. Unless the sympathetic impulses have been 
blocked previously, this should be done with the decompression, since there is 
much to be gained and little chance of doing any harm. Following the fasciotomy, 
the skin incision may be closed primarily unless marked protrusion of the muscle 
substance makes it unwise. In this situation, one may place, but leave untied, 
sutures of stainless steel through the skin edges for a delayed primary closure 
when conditions permit. A light, posterior plaster splint which holds the foot at 
aright angle is recommended to reduce the tension on the anterior compartment 
muscles. 

If the situation is such that segmental arterial spasm can be strongly suspected, 
and if other measures have failed or offer little prospect of success, arteriograms 
should be taken. It is conceivable that a small segment of artery in severe spasm 
may be located and that excision of this segment may benefit an occasional 
patient. 

If the patient is first observed weeks or even months after the syndrome has 
developed fully, there is apparently little to be gained by active treatment. Some 
patients, however, because of extensive necrosis of the contents of the anterior 
compartment and, in some instances, of the overlying skin, may require complete 
excision of the gangrenous tissue. Under these circumstances, every effort should 
be made to close the skin primarily, if it can be done without undue tension. 
Strict asepsis must be observed, since infection is prone to develop in the area 
and may necessitate amputation. 

In late cases, unless excision of gangrenous tissue is required, one should 
avoid exploration and accept the inevitable foot drop. This disability is mini- 
mized by the use of a light spring brace which mechanically dorsiflexes the foot. 
Or tendon transplantation may be used, using the tendon of the posterior tibial 
muscle, either alone or in combination with the tendon of one of the peroneal 
muscles. 

In the occasional patient in whom pain persists in the region of the anterior 
compartment, improvement may follow sympathectomy. Improvement has 
also been observed following sympathectomy in patients who have incomplete 
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paralysis of the muscles of the anterior compartment. In such instances, sym. 
pathectomy should be seriously considered. 


SUMMARY 


When pain, tenderness, swelling and induration appear over the anterolateral 
aspect of the leg, with or without foot drop, either spontaneously or following 
trauma or unusual muscular activity, one should suspect an anterior compart- 
ment ischemia syndrome. 

The rigid anterior compartment of the leg possesses unusual anatomical fea- 
tures which predispose to the development of this syndrome. 

Four patients having this syndrome are described. These and the 27 previously 
reported cases are summarized. 

Those who develop this condition have in common previous strenuous muscular 
activity, trauma from external violence, or some other condition associated with 
ischemia of the anterior compartment muscles. 

Early signs and symptoms are pain, tenderness, swelling and induration over 
the anterior compartment, weakness or paralysis of the dorsiflexors of the foot, 
anesthesia between the first and second toes, and frequently an absence of the 
dorsalis pedis pulse. 

Late manifestations are limitation of ankle motion due to contracture and 
paralysis of the anterior compartment muscles, woody induration of the affected 
muscles and occasionally pain on walking. 

Pathology and pathogenesis are discussed. Ischemia, edema, increased tissue 
pressure, and decreased arterial inflow to the compartment contents are thought 
to be interrelated; producing a vicious cycle. This vicious cycle commonly ends 
in necrosis of the anterior compartment muscles unless proper treatment inter- 
rupts the chain of events. 

The roles of decompression by fasciotomy, blockage of the sympathetic im- 
pulses, and debridement are discussed. Prophylactic measures should be more 
widely recognized. 

In early stages, urgent treatment is imperative if permanent changes are to be 
avoided. 
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THE TREATMENT OF VARICOSE VEINS 


Joun H. M.D. 
Salt Lake City 


The word varix means an enlarged tortuous vein. Clinically a varix or vari- 
cose vein is not only dilated but the direction of blood flow through the vein js 
reversed; that is to say, blood passes from the deep to the saphenous system, 
and down the saphenous system through incompetent valves. When varicose 
veins are symptomatic, they should be treated. In my experience, the question 
of competency of the deep venous system is of no clinical importance in the 
therapy of varicose veins. Removal of varicose veins improves the venous 
return in an extremity. 

During the past decade there has been renewed interest in the stripping of 
varicose veins. This has resulted from the high rate of recurrence following 
both multiple ligations and high ligations with retrograde injections of sclerosing 
solutions, and from the serious complications of the latter procedure. 

This paper will describe a satisfactory technic for the stripping operation, 
and will compare the results obtained in 75 consecutive patients having multiple 
ligations with 75 consecutive patients in whom the incompetent saphenous veins 
were stripped and the communicating veins were ligated. This is not a large 
series, but as all of the operations were done by the author and each patient 
was followed for at least two years after operation, a comparison of the results 
obtained is of value. 

Technic. On the day prior to surgery, with the patient standing, the veins 
to be stripped and ligated are marked by making cross scratches on the over- 
lying skin with a sterile hypodermic needle. The incompetent veins can be pal- 
pated if they are not visible, and it can easily be determined whether the vein 
is filling from above or from below upward. Careful attention is given to the 
course of the short saphenous vein. If it is palpable, or if there is evidence of 
varicosities on the lateral surface of the ankle, it is marked for stripping. In- 
competent communicating veins can be located by palpating the fibrous open- 
ings where they penetrate the deep fascia. This is most easily accomplished by 
feeling with the tip of the little finger. The several tests that have been described 
to demonstrate incompetency of the veins have little practical value. The 
Brodie-Trendelenburg test is of some value in estimating the results to be ob- 
tained from surgical therapy. If there are no incompetent communicating veins 
below the sapheno-femoral junction, satisfactory results can usually be obtained. 

Metal supports fastened to the operating table are used to elevate the legs 
while they are wiped with ether-saturated gauze and scrubbed with a solution 
of septisol. Sterile gloves are then placed over the feet and drapes are applied 
leaving the legs and groins exposed. 

The femoral artery is palpated distal to the inguinal ligament and infiltration 

From the Department of Surgery, University of Utah College of Medicine and the 
Surgical Service of St. Mark’s Hospital. 
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of the skin medial to the artery from a level above the inguinal ligament distally 
for 15 cm. is done using 0.5 per cent procaine solution. The subcutaneous tissue 
and the area supplied by the superficial branch of the perineal nerve are then 
infiltrated. Injection of procaine around the saphenous vein, sapheno-femoral 
junction, and the saphenous nerve in the femoral sheath is done under direct 
vision after the incision is made. A longitudjnai incision (fig. 1) is used to expose 
the saphenous vein and the sapheno-fentoyal:junction. This incision allows 
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FIG. 1. USUAL INCISIONS 
FOR STRIPPING 
GREATER SAPHENOUS VEIN 


Fie. 1 


better exposure of the tributary veins than does an oblique incision, and it 
minimizes injury to the lymphatic vessels concentrated around the fossa ovalis. 

The saphenous vein is picked up with an Allis forcep and is followed up to the 
sapheno-femoral junction. All tributary veins are doubly clamped and ligated. 
The sapheno-femoral junction must be carefully visualized inasmuch as ac- 
cessory saphenous veins lying beneath the greater saphenous vein are present 
in 12 per cent of people, and, if present, they must be ligated or (when possible) 
stripped, to insure good results. The sapheno-femoral junction is then ligated 
with transfixing sutures and divided. 
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FIG. 2. ILLUSTRATING 


FLEXIBILITY OF 


FIG.3 INSERTION OF 
INTRA LUMINAL STRIPPER 
FROM ABOVE DOWNWARD 


Fig. 3 


Tension on the proximal cut end of the saphenous vein is maintained with a 
hemostat while procaine solution is injected on all sides of the vein in the thigh 
using a long no. 20 gauge needle. A flexible intralumenal stripper designed by 
the author and made from speedometer cable is then passed down the vein to 
the dorsum of the foot (figs. 2 and 3). Procaine infiltration around the tip of the 
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stripper is done if the stripper becomes caught in a sacculation or branch, or if 
the patient complains of pain. As the vein lies in loose subcutaneous tissue, 
Jocal anesthesia from the groin to the foot can be easily and readily obtained. 
The vein is then tied to the distal end of the stripper and at one or more sites 
in the leg (figs. 1 and 4) care being taken not to include the saphenous nerve 
in the ligature, and the vessel is stripped from below upward. As tributary veins 
become evident by puckering of the overlying skin they are broken by forcing 
the skin away from the direction of pull on the stripper as illustrated in figure 5. 

In some patients with marked tortuosity of the veins it is not possible to pass 
the stripper to a level lower than the upper leg. When this occurs, the upper 


FIG.4 LIGATION OF VEIN 
OVER STRIPPER BELOW 
INTERNAL MALLEOLUS 


4 


segment of vein is stripped as usual. The stripper is then inserted in the vein on 
the dorsum of the foot and passed from below upward and out through the upper 
leg incision. Stripping from below upward can then be done. Any tributary veins 
large enough to admit the stripper are removed in a similar manner. 

Incisions should not be made on the inner surface of the lower leg unless they 
are necessary to ligate incompetent communicating veins. Tension is made on 
communicating veins as they are ligated so that the ligated end will retract 
beneath the fascia. Bleeding is not a problem if the foot of the operating table 
is elevated. 

When removal of the short saphenous vein is indicated, the patient should 
be turned on the table. The vein is isolated behind the external malleolus and 
dissected free from the sural nerve. The stripper is then passed through the vein 
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y 
OF TRIBUTARY 
CATED BY. 
G OF SKIN. 
af! EIN STRIPPED 
ROM BELOW 
UPWARD. 
Fie. 5 
TABLE I 
Results of treatment 
| Stripping | Ligations 


to the upper leg where it is tied to the stripper and removed from above down- 
ward. The fascia must be closed over the ligated stump of vein to prevent hernia- 
tion of muscle. 

All incisions are closed with interrupted no. 80 cotton sutures. Sterile Kerlix* 
pressure roll bandages are then applied from the toes to the groin, and these 
are covered with 4 inch no. 8 Ace bandages under moderate tension. 


* Made by Bauer & Black. 
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Beginning two hours after operation the patients walk for 10 minutes out of 
every hour until 9:00 p.m. This is done without difficulty when the operation 
js done under local anesthesia. Antibiotics are not used unless open ulceration 
or dermatitis is present. The skin sutures are removed on the eighth postoperative 
day, and the wearing of Ace bandages is discontinued on the tenth to fourteenth 
postoperative day. 

The results obtained in 75 patients who had multiple ligations in 1949 have 
been compared with the results obtained in 75 patients who had stripping of the 
yeins done in 1950. Whenever a personal two year follow-up was not possible, 
that patient was excluded from the series, otherwise consecutive cases were 
used. Results have been classified as excellent when the symptoms were relieved 
and no incompetent veins became evident during the two year period; good 
when the symptoms were relieved but incompetent veins developed requiring 
one or two injections of sclerosing solution or one minor office ligation; and 
poor when there was recurrence of symptomatic veins requiring multiple office 
ligations or hospitslization for stripping. 

In the series of patients treated with multiple ligations the results were excel- 
lent in 37, good in 31 and poor in 7. In the patients having the stripping opera- 
tion as described the results were excellent in 64, good in 9 and poor in 2 (table 
I). Both of the patients who had poor results following stripping, and 3 of the 
patients who had poor results with multiple ligations developed recurrences 
during subsequent pregnancies. The other 4 patients with poor results and the 
majority of those with good results following multiple ligations were in the older 
age group who developed varisocities relatively late in life as a result of de- 
generative venous sclerosis. It is in this older age group that the stripping opera- 
tion seems to be particularly indicated. In males with congenital varicose veins, 
the results were uniformly satisfactory following either procedure. 


SUMMARY 


A satisfactory technic for the stripping of varicose veins under local anesthesia 
has been described. 

The results following stripping and multiple ligations in two series of patients 
have been compared. Better results were obtained with stripping of the veins. 


PHLEGMASIA CERULEA DOLENS TYPE REACTION FOLLOWING 
RETROGRADE VEIN INJECTION OF SODIUM MORRHUATE 


REPORT AND DISCUSSION OF CASE WITH UNUSUAL PATHOLOGIC FINDINGS 
Wooprow Ne son, M.D. 


Salt Lake City 


This is a report of a phlegmasia cerulea dolens type of reaction following 
sodium morrhuate injection of the internal saphenous vein. The injection re. 
sulted in anterior tibial artery thrombosis with anterior tibial muscle necrosis 
and loss of the extremity. 

This case is reported because no similar one has been found in the literature, 
It illustrates one of the dangers of intravenous injection of an irritant, as wel 
as the vulnerability of the anterior tibial muscle group to ischemic necrosis, 
It also presents unusual pathologic vascular findings. 


CASE REPORT 


Mrs. D. D., a white woman, aged 30, was admitted to St. Mark’s Hospital on Feb. 27, 
1952 because of complications following saphenous vein ligation and injection. Her past 
history was essentially negative except for the presence of bilateral internal saphenous 
varicosities progressive over six years. 

On Feb. 21, 1952 she was delivered, without complication, of her fourth normal full term 
infant. Four days later, for reasons of expediency, bilateral high saphenous ligations were 
done by her local physician. The right side was done first under local anesthesia. All 
branches were reportedly ligated. The sapheno-femoral junction was clearly identified, 
the vein was ligated at this point, and 5 cc. of a 5 per cent sodium morrhuate solution was 
injected through a needle into the distal segment. The patient almost immediately ex- 
perienced severe, persistent, aching and burning pain in the right thigh and leg. The pain 
was sufficiently severe to necessitate general anesthesia for high ligation of the opposite 
(left) side. This was done and 5 ec. of sodium morrhuate was again injected. No untoward 
symptoms developed on the left side subsequently. 

Within two hours after the injection the entire right leg and lower two-thirds of the 
thigh became dusky blue and extremely swollen. The foot became white and cold, although 
the thigh and leg remained warm. Temporary relief of pain and improvement in color oe- 
curred for three or four hours after one lumbar sympathetic novocaine block was done on 
the day following ligation. Vesiculation and increasing duskiness of the great toe, medial 
foot, and areas supplied by the internal saphenous vein developed, and she was referred to 
me four days following the vein ligation. 

Admission physical examination revealed an acutely ill, pale, white young female pa- 
tient complaining of severe aching and burning pain in the right foot, leg and thigh. The 
right foot, leg and thigh were very swollen and diffusely and deeply cyanotic. Little change 
in color occurred with elevation or dependency. The temperature was 103 F., pulse 120 and 
weak, respirations 20, and blood pressure 84/60. The appearance of the leg differed from the 
appearance in figure 1 (taken the day following admission and following sympathectomy) 
in that the entire foot, leg, and lower thigh was originally much more deeply cyanotic, 
and the dark areas of the foot and leg appeared almost black. The entire right foot was 
much colder than the left one, but the leg and lower thigh felt somewhat warmer on the 


- From the Department of Surgery, University of Utah College of Medicine and St. Mark’s 
Hospital, Salt Lake City, Utah. 
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: the _ Fic. 1. Appearance of the right leg on Feb. 28, 1952, one week after ligation and in- 
jection of the saphenous vein, and one day after lumbar sympathectomy. 


right. Anesthesia delimited an area of the right foot which included the medial !4 of the 
dorsum and medial half of the plantar surface and extended proximally to the medial 
malleolus. Power of dorsal flexion was reduced. The dorsalis pedis, posterior tibial, and 
irk’s popliteal artery pulsations on the right were absent. Femoral pulsation on the right side 
Was normal, as were all pulsations on the left. No history of pulmonary symptoms was 
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obtained, and examination of the chest was negative. The hemoglobin was 13 Gm. per 1) 
cce., white blood cells were 20,000 per cc. mm., and urinalysis was negative. 

Lumbar sympathetic block with 1 per cent procaine was done on admission to the hospital 
with moderate reiief of pain and improvement in color of the foot and leg, lasting not over 
one hour. Two pints of blood were administered, following which the blood pressure gtg. 
bilized at 110/70. The leg was elevated slightly and was protected by a cradle without heat. 
Eight hours following admission to the hospital a right lumbar sympathectomy was done 
under spinal anesthesia. Immediate improvement in color resulted. The intense deep aching 
pain disappeared and did not return. Twenty-four hours later the edema had receded and 
the lateral half of the foot and lateral four toes were warm. Anticoagulant therapy wag 
begun. 

One week later no demonstrable edema was present. The great toe and most of the 
medial half of the foot were gangrenous but dry. Vesiculation had disappeared, but the 
patchy dark discolored areas on the medial leg and thigh (fig. 1) still remained. The area of 
anesthesia was unchanged. Power of dorsiflexion of the foot, ascribed at that time to deep 
peroneal ischemic neuritis, was absent. Posterior tibial and popliteal artery pulsations 
had returned to normal, but the anterior tibial artery could not be palpated. 

The patient’s temperature was 100 F. the day following operation and remained normal 
after the third day. She was discharged on March 9, 10 days after admission, and was ob- 
served as an out-patient. It was thought at this time that a good possibility existed of 
saving all of the extremity except the great toe and distal first metatarsal. 

One month later (on April 8) she returned to the hospital. The patchy dark areas of the 
medial leg and thigh were frankly gangrenous but dry, except at the edges where separation 
and localized infection were present. The gangrenous area of the foot appeared smaller. 
The great toe was mummified. Foot drop was still present. The anesthetic area was un- 
changed. 

Rapid debridement of all necrotic areas, except those on the foot, was done over a period 
of five days by combining surgical debridement with chemical debridement using tryptar.* 
Blood loss was negligible. The appearance at this time is shown in figure 2. Ten days later 


a fairly good granulating bed had been obtained reasonably free from infection and the ' 


defect was covered with split thickness skin grafts after measured red cell volume deficits 
had been corrected by transfusions. Invasive infection was combatted by antibiotics before 
and after grafting. 

Ten days after grafting, at the first dressing, it was noted that approximately 50 per 
cent of the graft had taken. However, a small defect in the anterior tibial muscle could be 
seen. On extending debridement of this muscle over an area 2 inches in diameter, and 
nearly to the mid-fascia, no viable muscle or bleeding was encountered. The patient 
promptly developed chills and fever rose to 103 F., as compared to her previous essentially 
afebrile course. Partially open amputation was done on May 8, 1952 just below the knee, 
removing all of the fibula and all of the dead anterior tibial muscles. Good healing occurred 
and a stump satisfactory for an ischial weight-bearing type prosthesis was obtained. Stored 
skin removed from the amputated leg was later used successfully to graft thigh defects. 

Pathologist’s Report. The specimen consists of a right leg removed just below the knee. 
The great toe, with an area covering half of the medial aspect of the foot and half the 
plantar portion of the anterior half of the foot, is black and mummified. This change is also 
present at the tip of the two adjacent toes. Irregular areas of granulation tissue, mixed with 
areas covered by viable grafted skin, cover the anterior medial surface up to the line of 
amputation. Beneath this is the anterior tibial muscle which is yellow throughout except 
for a very narrow brownish margin just beneath the fascia. Dissection of the vessels shows 
all of the deep veins and the arteries of the posterior compartment to be patent and grossly nor- 
mal. The entire anterior tibial artery, however, is cordlike with a brown firm core filling the 


lumen. 


* Supplied by Armour Laboratories. 
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_ Fic. 2. Appearance of the leg and foot on April 8, 1952, and six weeks after onset of the 
difficulty. Two views, anterior and lateral. 


Microscopic section of the anterior tibial muscle shows complete necrosis with good 
Preservation of structure except for the total absence of nuclei. No inflammatory reaction 
18 present except at the periphery, indicating a total absence of blood supply to the necrotic 
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muscle. The only vessels of the leg showing histologic abnormality are the anterior tibial ts 
artery and its branches, which are approximately half normal diameter and have wayy ua 
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ial canalization. Sections of plantar tissues and the fourth toe show no pathologic change of 
vy muscle, nerves or vessels. 
Sections of the anterior tibial vessels, posterior tibial vessels and of degenerated tibial 
muscle are illustrated in figures 3a, 3b, and 3c, respectively. 


Fia. 3c. 


Fig. 3. a. Microscopie section through thrombosed anterior tibial artery and patent 
anterior tibial veins. 

b. Microscopic section through anterior tibial muscle showing total absence of nuclei 
but good preservation of structure. 

ce. Section through patent posterior tibial artery and vein with normal posterior tibial 
muscle fibers. 


PATHOGENESIS 


The sudden onset of pain, swelling and ischemia raises the question of possible 
injection of the morrhuate into the femoral artery instead of the vein. However, 
this appears unlikely in view of the referring surgeon’s complete description of 
sie the ligation and injection procedure, the localization of superficial necrosis to 
5 Te the skin areas drained by the internal saphenous veins, and, finally, by the 
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absence of any deep vein thrombosis or posterior tibial artery thrombosis in the 
amputated extremity. 

The clinical picture of massive venous thrombosis in this patient does not 
correlate with the absence of any thrombosis in the deep veins of the amputated 
leg. It is unlikely that extensive thigh vein thrombosis could have been present 
in view of the complete absence of thrombosis in the deep leg veins. Further, 
decrease in edema and cyanosis was certainly prompt following sympathectomy. 
These observations suggest that the signs of massive venous obstruction in this 
case were due to intense prolonged venous spasm initiated by severe superficial 
vein irritation. 

It is difficult to explain the complete absence of symptoms of vascular injury 
on the similarly treated opposite side. This side was operated upon under general 
anesthesia, which may have had the effect of preventing vasospasm. Further, 
palpable thrombosis of the internal saphenous vein on that side was not present 
which suggests the possibility that the morrhuate gained entrance to the general 
circulation through communicating sapheno-femoral veins. | 

Why did the anterior tibial artery alone thrombose and not the anterior 
tibial vein or other arteries or veins of the leg? Hughes, Carter,' and Sirbu® 
have pointed out the vulnerability of the rigidly enclosed muscles of the anterior 
tibial compartment to ischemic necrosis, and have reported cases following 
unaccustomed exercise. Ischemia from pressure of edema in this rigid compart- 
ment and segmental arterio-spasm have been advanced as theories for the 
ischemic necrosis. The inadequacy of the collateral circulatory pattern to the 
muscles of this compartment has been demonstrated and discussed by Hughes.’ 
Lewis‘ has stated that ‘‘much lower pressure than that required to collapse the 
main artery will, when exerted directly upon the muscle itself, collapse its 
capillaries and completely arrest the blood flow to it. A pressure of 50 or 60 mm. 
Hg upon skin is known to stop all blood flow to it and pressures of this order 
will have a similar influence upon the circulation to muscles.”’ Such arrest of 
circulation in an artery in a relatively closed system would result in marked 
stasis of blood and predispose to clotting. The associated vein would be collapsed 
and empty of blood with such pressure. Therein lies a logical explanation of the 
thrombosed artery, with normal adjacent anterior tibial vein and normal other 
vessels found in pathologic examination of this leg. Increased compartmental 
pressure in this case would arise from the rapidly progressive edema resulting 
from proximal thrombosis and/or vaso-spasm. 


DIAGNOSIS 


Early diagnosis of necrosis of the anterior tibial muscle group is of importance 
if it is to be successfully treated by such measures as early fasciotomy, embolec- 
tomy, and/or sympathetic interruption. Frequently, the entity in its less severe 
form is not recognized or is misdiagnosed as peroneal neuritis. Early diagnosis 
of the entity depends first on an awareness of its possible existence, and then 
on the use of measures for determining muscle blood flow and compartmental 
muscle pressure. 

The syndrome phlegmasia cerulea dolens is discussed in detail in Debakey’s 


supe 


ext 

of 

sev 

pse 

thr 

a rep 

inje 

thr 

ant 

dee 

des 

ent 

I 

as 

syn 

to 1 

cha 

is a 

Ii 

due 

pers 

of t! 

ceru 

case 

T 

4 pati 

likel 

: havi 

mus 

don 

prok 

T 

folle 

was 

loss 

mul 

A 


Ww 


PHLEGMASIA CERULEA DOLENS TYPE REACTION 763 


extensive report and review. He described the syndrome as a fulminating type 
of deep thrombo-phlebitis in which intense cyanosis is a prominent finding and 
severe vaso-spasm and ischemic necrosis frequently occurs. He uses the term, 
pseudoembolic thrombophlebitis as a synonym, and reports extensive venous 
thrombosis as the common reported pathologic finding. 

The clinical picture in this case is that of phlegmasia cerulea dolens with as- 
sociated severe vaso-spasm and ischemic necrosis. It differs from previously 
reported cases in that: (1) it developed immediately following sodium morrhuate 
injection of the ligated saphenous vein, (2) it was associated with complete 
thrombosis of the anterior tibial artery with necrosis of the muscles of the 
anterior tibial compartment, and (3) it was not associated with demonstrable 
deep venous thrombosis. Use of the appellation phlegmasia cerulea dolens as a 
descriptive term for a clinical variant rather than a term for a definite disease 
entity would admit this case to be so classified. 


TREATMENT 


Lumbar sympathectomy in this patient was done as an emergency procedure 
as soon as circulating blood volume was restored to an estimated normal and 
symptoms of shock had disappeared. Sympathectomy was done in preference 
to repeated or continuous lumbar sympathetic blocks for the reason that the 
chain is thereby interrupted with complete certainty and continued interruption 
is assured regardless of recurrent or persistent sympathomimetic stimuli. 

In this particular case, results of block were good but very transient, probably 
due to the fact that extensive superficial venous irritation was present to initiate 
persistent vasospastic impulses. I suggest this theory as a possible explanation 
of the generally poor results obtained with procaine blocks in cases of phlegmasia 
cerulea dolens, as compared with the uniformly excellent results of blocks in 
cases of the usual acute thrombophlebitis (phlegmasia alba dolens). 

The subject of early emergency sympathectomy in preference to block in 
patients with acute arterial insufficiency deserves further consideration. It is 
likely from the clinical course that earlier sympathectomy in this patient would 
have diminished the extent of superficial necrosis. Prevention of anterior tibial 
muscle necrosis would have been expected only if sympathectomy had been 
done before extensive anterior tibial artery thrombosis occurred—and this 
probably occurred early. 

This case iilustrates dramatically one of the catastrophic results that may 
follow injection of an irritant solution into the vascular system. Since this paper 
was begun, another case in this area similar from the standpoint of extremity 
loss following morrhuate injection has been called to my attention. Certainly 
multiple ligation or stripping is a much more controlled procedure than retro- 
grade injection of an irritant. 


SUMMARY AND CONCLUSIONS 


A case is reported of a phlegmasia cerulea dolens type reaction with ischemic 
superficial necrosis and complete ischemic necrosis of the anterior tibial compart- 
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ment muscles. The leg required amputation. This tragedy followed interna] 
saphenous vein ligation and retrograde injection with sodium morrhuate. 

On pathologic examination it was found that all vessels were grossly and 
microscopically normal except for the anterior tibial artery which was completely 
occluded by an organized thrombus. Complete ischemic necrosis of the muscles 
of the anterior tibial compartment was present. 

The case is discussed briefly from a standpoint of: (a) pathogenesis of the 
arterial occlusion and resulting anterior tibial necrosis, (b) diagnosis of the 
anterior tibial and phlegmasia cerulea dolens syndromes, and (c) treatment, 
particularly from a standpoint of early lumbar sympathectomy. 

It is concluded that in the treatment of varicose veins multiple ligation or 
stripping is a much more controlled procedure than retrograde injection of an 
irritant. 
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OBSERVATIONS ON THE EFFECTS OF 
CAROTID-JUGULAR ANASTOMOSIS 


H. Morerz, M.D., Patrick F. Bray, M.D. 
Salt Lake City 


Attempts have been made in recent years to treat various diseases of the 
brain associated with ischemia by carotid-jugular reversal of blood flow.!:® It 
has been hoped that direction of arterial blood into the unimpeded venous 
system would permit oxygen to be carried through those channels to the central 
nervous system in sufficient quantities to ameliorate symptoms of existent 
hypoxia, or even to reverse the pathologic changes due to previous episodes of 
oxygen deficiency. The procedure has been utilized in patients with hypertensive 
and arteriosclerotic cerebral disease, mental deficiency, sensory-motor impair- 
ment and convulsive disorders. 

McKhann, Belnap and Beck,® who have had the largest experience with the 
method, reported their results in a series of 125 patients so treated with a maxi- 
mum observation period of 15 months. These authors believed that 35 per cent 
of the children in the group were improved objectively and that an additional 
19 per cent were improved subjectively. 

Other reports on the results of carotid-jugular anastomosis have been less 
optimistic. No significant benefit was noted by Perrine and associates’ in a 
group of adult patients with organic brain disease. Some behavioral improve- 
ment, but no significant change in intelligence quotient, was observed by Klein 
and his associates in 29 mentally retarded children. 

Pessimism was also expressed by Kessler* after carefully studying the effects 
of this procedure upon the intelligence of 33 patients. She found virtually no 
evidence in this study for crediting the carotid-jugular anastomosis with improve- 
ment in intellect. Kimball‘ believed that there was no improvement in 24 patients 
with epilepsy and that the operation proved to be not without its dangers. McKhann 
and co-workers observed exophthalmos, increased intracranial pressure and 
cardiac embarrassment as side effects of the altered hemodynamics. They ob- 
served fewer side effects with the smaller anastomotic openings and for this reason 
later used the external carotid instead of the common carotid artery in making 
the anastomosis. 

In the present paper we report the effects observed in 5 patients subjected 
to carotid-jugular anastomosis who have been carefully studied and observed 
for relatively long periods. One patient died while the anastomosis was still 
patent, death occurring nine months after creation of the shunt. The other 4 
patients have been observed for a minimum of 31 months following establish- 
ment of the anastomosis. In these 4, the anastomosis functioned for from 4 to 
24 months, after which all were eradicated. Several interesting and important 
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side effects developed while the shunts were functioning, and most, but not all, 
of these effects subsided after the anastomoses were removed. 


OPERATIVE PROCEDURE 


The operative procedure used in establishing the anastomoses was essentially 
the same as that described by Beck, McKhann and Belnap.! A side to side an- 
astomosis was made between the right common carotid artery and the right 
internal jugular vein except in case 4, in whom the end of the right external 
carotid artery was anastomosed to the side of the right internal jugular vein, 
In each instance the internal jugular vein was ligated just proximal to the 
anastomosis and the common facial vein was ligated. The diameter of the shunt 
was measured in every case. 

The shunts were eradicated eventually by excising the involved segment of 
vein and by closing the opening in the carotid artery transversely with inter. 
rupted no. 000000 silk sutures. In case 4, that part of the external carotid artery 
used in making the anastomosis was excised with the vein. 


CASE REPORTS 


Case 1. S. M., a 10!4 year old white girl, was admitted to Salt Lake General Hospital for 
study. She is believed to have had a cerebral hemorrhage at birth with residual right- 
sided spastic hemiplegia, marked mental retardation, and infrequent grand mal seizures. 
Roentgenograms of the skull were normal but a pneumoencephalogram showed the left 
lateral ventricle to be displaced upward and laterally. No air was seen over the surface of 
the brain .n the left frontoparietal region. Psychometric examinations revealed an esti- 
mated intelligence quotient of about 25 (80 being the lower limit of normal). Repeated 
electroencephalograms revealed no striking abnormalities. 

A right carotid-jugular anastomosis was established on Aug. 30, 1949. While being 
observed during the succeeding two year period, no significant changes were noted in her 
electroencephalograms, intellectual functioning, or neurological status. During this time, 
considerable edema, injection, and moderate exophthalmos of the right eye developed, 
but the retinas and the retinal vessels appeared normal. 

On Aug. 14, 1951, two years following the establishment of the anastomosis, the fistula 
was eradicated and was found at operation to have a diameter of 4mm. Four months after 
this second operation, all of the abnormal ocular findings had disappeared. No conclusive 
evidence of a change in heart size was detectable when roentgenograms taken two years 
after creation of the anastomosis (and with the anastomosis still functioning), were com- 
pared with those taken one year following its eradication. No improvement in the child’s 
basic neurological defects has been noted. 

Cerebrospinal fluid pressure was normal just prior to, and one year after, eradication of 
the fistula. 

Case 2. R. D., a 3 year old white girl, was a product of a rapid, unattended delivery. She 
was noted to be inactive and drowsy during the early neonatal period. Severe pertussis 
occurred at the age of 8 months. At the age of 1 year, generalized grand mal convulsions 
began. When first studied at the age of 2 years and 8 months, it was believed that she was 
retarded. Roentgenograms of the skull revealed a definite platybasia; a pneumoencephalo- 
gram was normal; and an electroencephalogram showed a petit mal variant dysrhythmia. 
Various anticonvulsant medications were used, but with little benefit, for a period of 4 
months prior to the establishment of a right carotid-jugular anastomosis on July 22, 1949. 

Nine months after operation, the patient was readmitted because of continuous seizures. 
Developmental retardation had persisted. There was pronounced nonpulsating exoph- 
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thalmos and venous congestion of the right eye, but no papilledema. The patient died in 
status epilepticus. Autopsy revealed a large, thick area of scarified dura in the left parieto- 
occipital region. The artificial fistula was patent and had a diameter of 3 mm. Moderate 
but definite cardiac dilatation and hypertrophy were present. There was striking dilatation 
of all the cerebral venous channels, the innominate vein, and the superior vena cava. Two 
small, right-sided intracerebral hemorrhages were present, in addition to a single sub- 
arachnoid hemorrhage over the left frontal lobe. 

Case 3. R. G., a 26 year old white man, had been observed for almost two years because 
of frequent, severe, generalized grand mal seizures. Repeated electroencephalograms showed 
irregular, slow frequencies and sharp wave activity, most prominent in the left temporo- 
occipital region, but without a definite focus. Roentgenograms of the skull and a pneumo- 
encephalogram were normal. Psychologie study indicated a severe character disorder. 
Results of tests of intellectual functioning were variable and inconclusive. He had taken 
anticonvulsive agents irregularly. 

On Aug. 29, 1949, a right carotid-jugular anastomosis was made. A postoperative electro- 
encephalogram showed a more readily defined left temporal, slow spike focus. Psychological 
examination revealed no conclusive changes. The patient’s major seizures recurred and 
persisted even after the addition of anticonvulsant therapy. Troublesome tinnitus, head- 
ache and right-sided proptosis with papilledema developed. 

On March 31, 1950, eight months after its construction, the artificial shunt, 10 mm. in 
diameter, was eradicated surgically. Following this second operation, the tinnitus and 
headache disappeared promptly, and the proptosis and papilledema subsided gradually. 

Now 18 months following the removal of the carotid-jugular anastomosis, the patient 
has a marked diminution in the number and severity of his seizures. However, he states 
that he now takes his anticonvulsant medication regularly. 

Observations on cerebrospinal fluid pressures in this case: The pressure was 100 mm. of 
water two weeks before the shunt was created. Seven months after the anastomosis, the 
pressure had risen to 350 mm. of water, and six weeks after that to 450 mm. of water. During 
the surgical eradication of the shunt the pressure was observed continuously by having a 
polyethylene tube inserted into the lumbar subarachnoid space. The pressure initially, 
after induction of anesthesia (sodium pentothal, curare, cyclopropane, nitrous oxide and 
oxygen), was 600 mm. of water and at the end of the procedure was 285 mm. of water. Nor- 
mal pressures (110 to 120 mm. of water) were obtained 5, 8, and 47 days later. 

Case 4. Three days following hemorrhoidectomy (done elsewhere), E. I., a 44 year old 
white man, developed a confused mental state. He was admitted to the Salt Lake General 
Hospital six weeks later with a right-sided hemiplegia and an almost complete aphasia. 
Cerebral arteriography revealed an apparent block, thought to be due to a thrombosis, in 
the narrowed left internal carotid artery at a point just distal to the origin of the ophthalmic 
artery. Serial electroencephalograms revealed progressive, focal cortical inactivity, with 
low amplitude slow wave activity seeming to arise in the left occipital region. 

On Nov. 28, 1949, an anastomosis was created between the right external carotid artery 
and the right internal jugular vein. During the succeeding four months, while the anasto- 
mosis was functioning, no neurologic improvement occurred but the patient did develop 
amarked and increasing degree of proptosis and papilledema on the right. Because of these 
complications and the lack of any neurologic improvement, the patient was readmitted on 
March 23, 1950. The following evening his general status rapidly deteriorated over a period 
of a few hours with increasing weakness and lethargy progressing to coma. The fistula, 
which had a diameter of 3.5 mm., was resected the next morning. During the succeeding 72 
hours the patient showed marked clinical improvement. His improvement was almost as 
rapid as his preoperative deterioration had been. He was ambulatory on the third post- 
operative day. His papilledema receded during the next four months, but when last seen, 
30 months after resection of the fistula, the right eye was still slightly prominent. His 
general neurologic status was the same as before the creation of the arteriovenous shunt. 

Observations on cerebrospinal fluid pressures in this case: Six weeks prior to creating 
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the shunt, the pressure was 170 mm. of water. The next determination, two days before the 
fistula was excised, was 410 mm. of water. During the two weeks following fistulectomy, the 
pressure varied between 350 and 480 mm. of water. Since that time, it has remained at 
about 300 mm. of water, the last determination being two and one-half years after fistulee. 
tomy. This is the only patient in whom a significantly elevated cerebrospinal fluid pressure 
has persisted following removal of the A-V fistula. 

Case 5. K. W., a white female was first seen at the Salt Lake General Hospital at the 
age of 244 years with a variety of major and minor seizures, mental retardation and a right- 
sided hemiparesis. For the next 16 months numerous anticonvulsive medical measures were 
tried, but without consistent benefit. Serial electroencephalograms showed a petit mal 
variant dysrhythmia with no focus. Roentgenograms of the skull were normal but a pneumo- 
encephalogram showed a dilated left lateral ventricle with slight displacement of the ven- 
tricular system to the left. Her intelligence quotient (Stanford-Binet) was between 35 
and 40. 

On Sept. 6, 1949, at the age of 4 years, a right carotid-jugular anastomosis was made. 
Somewhat fewer petit mal and grand mal seizures were noted while the anastomosis was 
patent. However, no improvement was noted on subsequent electroencephalographic and 
psychometric examinations. Eighteen months postoperatively, mild but definite signs of 
congestive failure were present, but without conclusive roentgenologic evidence of cardiac 
enlargement. No ocular changes were noted other than an increased venous blood color to 
the vascular structures, but dilated, tortuous veins were present over the right side of the 
face and neck. 

On March 12, 1951, 18 months following its creation, the carotid-jugular anastomosis was 
eradicated. The stoma was patent with a diameter of 3 mm. Subsequently, the child had an 
exacerbation of her seizures. The dilated superficial veins disappeared gradually. When last 
seen 15 months after the elimination of the arteriovenous shunt, the signs of cardiac de- 
compensation had not recurred but no significant change in heart disease was demon- 
strable. At present the child is essentially unchanged following the two surgical pro- 
cedures. 

Observations on cerebrospinal fluid pressures: The pressure, first determined nine days 
before removal of the shunt, was 270 mm. of water. During this operation continuous ob- 
servations were made, as in case 3. The pressure was 267 mm. of water initially, and after 
occluding the common carotid artery it fell to 160 mm. of water within a period of three 
minutes. It slowly decreased during the remainder of the procedure and was 100 mm. of 
water at the time of closure of the skin. No significant alteration occurred when the clamp 
was removed from the carotid artery, following the re-establishment of its continuity. 
Two days postoperatively the pressure was 260 mm. of water but pressures of 120 mm. of 
water one week later, and 140 mm. of water 14 months later, indicate that no significant 
elevation has persisted. 


CEREBRAL ANGIOGRAPHY 


In each patient (except case 2), angiographic studies were made. We wished 
to demonstrate whether or not the arterial blood entering the internal jugular 
vein actually did flow through the veins overlying the cerebral cortex. 

Roentgenograms were obtained immediately after the injection of 15 cc. 
30 ce. of 35 per cent diodrast* into the appropriate vessels. At the time of opera- 
tion, but prior to making the anastomosis, arteriograms were obtained by it- 
jecting diodrast into the common carotid artery. After completing the anastome 
sis, angiograms were obtained by injecting diodrast into the internal jugular 
vein and into the common carotid artery proximal to the anastomosis. 


* The diodrast used in this study was supplied by Winthrop-Stearns, Inc., New York, 
New York. 
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Except for the changes described in case 4, these arteriograms revealed no 
abnormalities. 

Venograms were obtained by injecting diodrast into the right internal jugular 
vein, both immediately after completing the anastomosis and again at the time 
of eradicating the anastomosis. Of the venograms taken immediately after 
creating the shunt, none demonstrated any significant quantity of diodrast over 
the cortical areas. The diodrast could be seen in the right internal jugular vein 
and in the right and left transverse sinuses, but the veins over the cerebral cortex 
were not visualized. Of the venograms obtained after the anastomosis had been 
functioning for periods of from 4 to 24 months (fig. 1), only 1 (with an interval 
of 24 months after creation of the shunt) showed appreciable filling of the veins 
over the cerebral cortex (fig. 1a). Characteristically, in both the immediate and 
the late venograms, the blood entering the right internal jugular vein appeared 
to go through the transverse sinuses down the left internal jugular vein. In 
figures la and 1b, diodrast can be seen leaving the skull through the left internal 
jugular vein. 

Roentgenograms, taken after diodrast had been injected into the common 
carotid artery just proximal to the anastomosis, revealed less filling of the 
cerebral arteries than before the anastomosis, and only slight filling of the 
transverse sinuses (fig. 2). 

The results of these angiographic studies are quite similar to those reported 
by Tarlov and associates®: !° and Gurdjian and associates.? It is apparent that 
most of the arterial blood which enters the right internal jugular vein leaves the 
cranial cavity through the transverse sinuses to the opposite internal jugular 
vein. Furthermore, the quantity of blood reaching the brain through the cerebral 
arteries is probably diminished since some of the arterial blood, which otherwise 
would go to the cerebral arteries, is shunted into the jugular vein. This decrease 
in arterial circulation probably is more significant when the anastomosis is 
made between the common carotid artery and the internal jugular vein than 
when the external carotid artery is used. 

Added significance is given to these angiographic studies since they were 
repeated after the shunts had been functioning for periods of from 4 to 24 months. 
Even after these intervals, there was no roentgenographic evidence of arterial 
blood entering the veins overlying the cerebral cortex via the venous channels 
in 3 of the 4 patients so studied. 


SIDE EFFECTS 


The untoward side effects observed in these patients, all of which appeared 
to result from altered hemodynamics, consisted of cardiac changes, orbital 
changes, cerebrospinal fluid pressure changes, and subjective symptoms. 

Cardiac changes. In 2 of the 3 children in the series (cases 2 and 5), there was 
definite evidence of increased heart load. Anatomic evidence of cardiac hyper- 
trophy was present at autopsy in case 2, while case 5 showed clinical signs of 
heart failure. In the 2 adults (cases 3 and 4) and in 1 child (case 1), no clinical 
or roentgenographic evidence of increased heart load was present. 
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Orbital changes. Four of the 5 patients (cases 1, 2, 3, and 4) showed some de. 
gree of nonpulsating exophthalmos. Moderate papilledema and definite signs 
of retinal vein congestion were present in the 2 adults only. One child (ease 5) 
showed as the only ocular abnormality an increased venous blood color to the 
vascular structures. No visual symptoms were present in any patient. Except for 
slight residual exophthalmos in case 4, which was still present 30 months after 


Fig. la 


Fig. 1. Venograms obtained 24 (a), 4 (b), and 18 (c) months after creation of shunt. 

a. Case 1, 24 months after anastomosis: Opaque material is seen in the transverse and 
superior sagittal sinuses, the veins overlying the cerebral cortex and in the left internal 
jugular vein. No other venograms demonstrated filling of the veins overlying the cerebral 
cortex. 

b. Case 4, four months after anastomosis: Both internal jugular veins, the lateral sinuses 
and the vein of Galen are visualized. No filling of the cortical veins has occurred. 


c. Case 5, 18 months after anastomosis: Only the lateral sinuses and a few of the larger 


anterior tributaries are visible. 


removal of the shunt, all of the objective ocular complications were reversible, 
having disappeared in each patient after eradication of the fistula. 
Cerebrospinal fluid pressure changes. In 3 of the 5 patients (cases 3, 4 and 
5), a definite increase in cerebrospinal fluid pressure was noted. In 1 (case 1), the 
pressure was observed to be normal, while no determination was made on the 
remaining patient (case 2). The interval required for the cerebrospinal fluid 
pressure to become elevated after the anastomosis was created is not known. 
However, pressures of 270 mm. of water (case 5), 450 mm. of water (case 3) 
and 480 mm. of water (case 4) were noted postoperatively at 18, 8 and 4 months 
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respectively. It would be interesting to know whether these pressures were 
reached early and maintained or whether they were the results of slow progres- 
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Fig. 2a 


Fig. 2b 
Fic. 2. Angiograms obtained just before, (a), and immediately after, (b), making the 
anastomosis in case 1. In each instance the technic was similar, the exposure being mad 
at the completion of the injection of 15 cc. of 35 per cent diodrast into the common ¢a 
artery. 


b. There is less filling of the cerebral arteries than in a. Radiopaque material is seen 


the right internal jugular vein and in the lowermost part of the transverse sinus. 
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sive increases. Only in case 4 did the course suggest a progressively increasing 
pressure. 

In two instances the pressure decreased immediately after eradication of the 
anastomosis. In only 1 patient (case 4) did the pressure remain elevated for 
more than a few days following excision of the fistula, and, in this instance, the 
pressure was still 300 mm. of water when last measured two and one-half years 
later. 

Subjective symptoms. The only 2 patients who could express subjective 
symptoms (cases 3 and 4) complained of headaches. Annoying tinnitus was 
present in 1 patient. This would lead one to suspect that the other patients 
(each of whom had an obvious bruit) may have experienced similar symptoms, 
but were incapable of expressing themselves. 


BENEFICIAL EFFECTS 


No significant improvement in intellectual functioning, as measured by psycho- 
logic testing. was noted in any of the 4 cases (cases 1, 2, 3 and 5) in which this 
was a criterion of evaluation. In those patients with well-defined neurologic 
motor deficits (cases 1, 4 and 5), no improvement was noted in those deficits by 
several observers who made serial examinations. There was partial control of 
seizures in only 1 (case 5) of the 4 patients (cases 1, 2, 3 and 5) with convulsive 
disorders, and this improvement cannot be definitely attributed to the arterio- 
venous shunt. 


COMMENT 


It was hoped that following carotid-jugular anastomosis arterial blood would 
flow via the jugular vein into its tributaries and eventually reach the capillaries. 
If that did occur, the flow of arterial blood in the larger tributaries should then 
be readily detectable by both angiographic studies and by blood gasometric 
determinations. Evidence obtained by each of these methods indicates no ap- 
preciable flow of the diverted arterial blood through the capillaries of the brain. 
Our studies did not include gasometric determinations, but Gurdjian and his 
associates state that no increase in oxygen content of the sagittal sinus blood 
was observed following the shunting procedure. Our own angiographic studies, 
as well as those of Tarlov and Gurdjian, indicate that most of the shunted blood 
flows through the transverse sinuses and down the contralateral internal jugular 
vein. 

Evidence of clinical improvement in the patients so treated has been, at best, 
equivocal. 

Side effects occur, following creation of the shunts, which are both undesirable 
and dangerous. The cardiac and orbital changes and the appearance of subjective 
symptoms are not unexpected and may not be entirely reversible if the shunt is 
allowed to function over a long period of time. Increased cerebrospinal fluid 
Pressure resulted in 3 of our 5 cases. This is a serious complication which, here- 
tofore, has received little attention. Gurdjian found an increased cerebrospinal 
fluid pressure immediately after completion of the anastomosis. In our study 
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no immediate observations were made, but we found significantly elevated 
pressures in 3 patients after the anastomoses had functioned for periods of 4 
8 and 18 months respectively. In 1 patient the increased pressure has persisted 
for 30 months after eradication of the fistula. 

Undoubtedly the size of the stoma affects the degree to which these side effects 
occur. Most of the openings in the present series of patients were of the size 
recommended by McKhann, Belnap and Beck.® It seems unlikely that by de. 
creasing the size of the stoma, we could expect to eliminate the harmful side 
effects and to retain the possible benefits. 

In view of the potential seriousness of the side effects and in the absence of 
unequivocal evidence of benefit. there seems to be little, if any, justification for 
continuing the procedure. 


SUMMARY AND CONCLUSIONS 


Five patients with a variety of neurologic deficits were subjected to a right 
carotid-jugular anastomosis for periods of from 4 to 24 months. 

No significant benefit from the procedure was observed in terms of intellectual 
function, motor neurologic function, anticonvulsant effect, or subjective symp- 
toms. 

The observed side effects of carotid-jugular anastomosis were: 

a. Cardiac enlargement and decompensation 

b. Exophthalmos and papilledema 

c. Elevated cerebrospinal fluid pressure 

d. Subjective symptoms of tinnitus and headache 

Cerebral angiograms indicated that no revascularization of the brain sub- 
stance resulted from this procedure. 

In general the side effects appeared to be reversible. However two and one- 
half years after the eradication of the shunt, 1 patient still had a mild exophthal- 
mos and an elevated cerebrospinal fluid pressure. 

Inasmuch as shunting blood into the internal jugular vein from the carotid 
artery has failed to improve the circulation of the brain, but has produced harm- 
ful side effects, the procedure should be abandoned. 
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HEREDITARY HEMORRHAGIC TELANGIECTASIA 
Davin A. Dotowrrz, M.D. 


Salt Lake City 


This is a study of a Utah kindred in which hereditary hemorrhagic telangiecta-' 


sia has occurred for the last six generations. The survey reviews the bleeding his- 
tory of the 491 descendants of one of the early pioneers. At least 83 cases of bleed- 
ing were present in this group, 38 of whom have been examined and the diagnosis 
confirmed. 

The State of Utah lends itself in a unique way to such a study. The native 
population, being chiefly agricultural, is extremely stable. Plural marriages among 
the early settlers gave rise to large kindreds. The custom of the Mormon Church 
of keeping complete and accurate genealogical records of all its adherents greatly 
facilitates genetic investigations. 

Hereditary hemorrhagic telangiectasia has been considered a relatively uncom- 
mon disease. According to Figi and Watkins,‘ until 1943 only 20 cases were seen 
at the Mayo Clinic during a 20 year period. Barrock* in 1944, and Snyder and 
Doan! independently in the same year in a review of the literature found that 
over 1000 cases had been reported in the 89 years since the disease was first de- 
scribed. 

The first description of this condition was written in 1865 when Babington’ 
gave an account of a family some of whose members had suffered from recurrent 
epistaxis for five generations. The disorder was transmitted through both male 
and female lines and affected both sexes equally. Twelve years later Legg’ de- 
scribed a family whose members developed nevi over their bodies, usually in 
about the fortieth year of life. Many reports of the disease followed, but it was the 
independent descriptions of Rendu and Weber in Europe and of Osler in America 
that attracted the attention of the medical profession. As a result, the malady 
came to be known as the Rendu-Weber-Osler syndrome. 

Although the lesions were first discovered because of epistaxis, they have been 
described since in virtually every part of the body including the urinary tract, 
stomach, tracheobronchial tree, uterus, rectum, brain and lung. Moyer and 
Ackerman® described pulmonary telangiectatic lesions resulting in arteriovenous 
fistulas so extensive as to require their removal in three members of the same 
family. Because of this observation, they are of the opinion that the site of the 
lesion is also determined by a hereditary factor. 

The appearance of the lesions varies in color from red to purple and in size from 
pinpoint to large spider-like formations. Usually, the angiomas will blanch on 
pressure. 

Descriptions of the histopathology vary. Most investigators describe wide, 
thin-walled, vascular cavities lined with endothelium. Whether elastic tissue #8 


From the Departments of Surgery and Medicine and the Laboratory for the Study of 
Hereditary and Metabolic Disorders, University of Utah College of Medicine. 


776 


pre 


the 


ms 
ca] 
bee 
her 
fan 
by 
] 
ave 
ber 
rep 
tel 
Lak 
One 
blee 
or 
G 
tela: 
Eng 
tribi 
who 
T 
of tl 
143. 
gene 
O1 
at le: 
unak 
tasia 
affec 
Th 
cases 
men, 
prise 
: It 
since 
Th 
paren 
males 
In. 
an aff 


HEREDITARY HEMORRHAGIC TELANGIECTASIA 777 


present or not is a matter of debate. Some workers are of the opinion that angio- 
mas represent vascular tumors. They believe that increase in the size of the pre- 
capillary cells results in narrowing of the lumens with subsequent dilatations of 
the vessels proximally. This view is not generally accepted. 


OBSERVATIONS 


After several cases of telangiectasia were found in Utah and the diagnosis had 
been established, it was relatively easy to arouse the interest of the family in the 
hereditary nature of this condition. Through cooperation of key members of the 
family, groups of relatives would meet in homes for consultation and examination 
by a team composed of an internist, an otolaryngologist and a geneticist. 

Detailed histories were obtained of each person. If the individual was not 
available all pertinent information that could be obtained was taken from mem- 
bers of the family. Unless cross-checking was confirmed by three independent 
reports, the material was not accepted. Examination was limited to the areas of 
telangiectasia. Their appearance and the presence of clots (if any) were recorded. 
Laboratory examination of the blood and the bleeding mechanism were done. 
One hundred and ninety-four members of the family were seen, 38 of whom were 
bleeders. These records were supplemented by those obtained during hospital stay 
or office care. 

Genetics. Figure 1 shows the pedigree of a family, victim of hereditary familial 
telangiectasia. The first member designated as I, migrated to Utah from New 
England with the pioneers. He had four wives. As the trait appears equally dis- 
tributed throughout the progeny of all the wives, his offspring are considered as a 
whole as Generation II. 

This second generation consisted of 22 members, 9 males and 13 females. Five 
of the 9 men and 4 of the 13 women demonstrated the bleeding tendency. Their 
143 offspring comprise Generation III. Twenty-five or possibly 26 siblings of this 
generation carried the trait. Twelve of them were males and 13 were females. 

One hundred and fifty-four members of Generation IV were traced. There were 
at least 38 additional members among the siblings of this generation, but we were 
unable to secure accurate information about them. Thirty-two cases of telangiec- 
tasia were found in this group. Sex distribution was equal, 16 of each sex being 
affected. 

The fifth generation is composed of 127 members. Data was disregarded in 26 
cases where we were unable to secure adequate information. Ten women and 5 
men are already showing the hereditary tendency. Seven children at present com- 
prise the sixth generation; so far only 1 girl is affected. 

It is assumed that all the 83 members reported as bleeding carried this disease 
since the 28 bleeders examined all showed typical telangiectatic lesions. 

The trait is an obvious mendelian dominant. The penetrance is complete, one 
parent always carrying the trait. The lesions occurred with equal frequency in 
males (39) and females (44), and equally in their descendants. 

In no instance studied had 2 afflicted people married. Matings were always of 
an afflicted and a normal person. A 1:1 ratio of affliction to normality is therefore 
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expected. In the families of this kindred, the ratio of 83 afflicted to 87 normal wag 
secured, substantiating the expected ratio. 
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Fig. 1. Schema indicating the incidence of telangiectasia in the six generations of the 

kindred under review. 


Symptomatology. Hemorrhage is the main symptom of this disease. It occa- 
sionally may be sufficiently profuse to cause death. The instance of mortality is 
unknown. The disease is consistent with longevity, provided hemorrhage is pre- 
vented or controlled. 
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The age of onset varied considerably. In the earliest case found, the epistaxis 
began at 3 months of age and continued intermittently for the 54 years of the 
patient’s life. Nosebleeds were frequently seen in childhood but disappeared 
about puberty. The usual onset of the visible telangiectatic lesions was, however, 
in the thirties and bleeding ocurring shortly thereafter. 

The commonest site of bleeding was from the nose. Sixty-eight of the 83 
bleeders showed epistaxis. Vascular lesions in this locus are susceptible to injury, 
especially in dry, sandy regions. Lesions could be seen frequently in the skin and 
the mucous membranes of the mouth, eyelids, lips, fingers and toes. Several 
women reported bleeding from lesions on the fingers after performing household 


Z WM | 
Fig. 2. Telangiectatic lesions of the face which were not apparent at autopsy. 


tasks, especially washing dishes. One woman had a scalp lesion which frequently 
bled when her hair was combed. Her death followed an uncontrollable hemorrhage 
so produced. 

Several members have died following internal bleeding—cerebral, pulmonary, 
or gastrointestinal. In the absence of an autopsy, the telangiectasia can only be 
suspected. In one instance, gastrectomy revealed an ulcer but no telangiectasia 
was found. The possibility of two diseases occurring coexistently must not be 
disregarded in reviewing the data. 

Pathological Studies. Two members of the family were autopsied. The results 
were at first unsatisfactory. The bright red lesions, so prominently seen in life, 
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faded out and disappeared with the circulatory collapse of death. Hence by the 
time the body reached the pathologist, he found no gross evidence of the an- 
giomas. 

In the first autopsy (H. W., Salt Lake General Hospital) the pathologist wag 
unable to locate any of the lesions on the uper extremity, face, ears or fingerg 
which were so prominently seen before death, and so definitely described by the 
clinicians (fig. 2). 


Fig. 3. Telangiectatic lesions prominent during life but invisible after death. 


In the second autopsy (B. B., Veterans Administration Hospital, Salt Lake 
City) the lesions again disappeared (fig. 3). However, knowing of our interest, 
the pathologist and clinicians had before death marked some of the lesions of the 
skin and mucous membranes. For example the nasal septum was removed in toto. 
This case was complicated by polyarteritis so that the picture is obscured by the 
superimposed inflammatory disease. The telangiectatic lesions were demon- 
strable, however. They consisted of thin-walled dilated vascular spaces lined by 
flat endothelium with long fusiform nuclei. In the nasal and paranasal submucosa 
they were abundant and could be distinguished from normal veins and arteries 
by their extremely thin walls that lacked organization into well-defined coats. 
These vessels were also quite different from the cavernous spaces of normal ere 
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ADRENAL “CAPSULE 


Fic. 4. Photomicrographs of telangiectatic lesions in various tissues of the body. 


tile tissue, wherein polypoid nodules of fibromuscular stroma project into the 
lumen. 
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Occasionally attenuated smooth muscle fibers could be seen just beneath the 
endothelium of some of the telangiectatic spaces. Representative sections were 
stained by the Verhoeff-VanGiesson method. Elastic fibers were not seen. The 
basic structural abnormality of the lesions was large thin-walled vessels simulat- 
ing dilated capillaries which replaced normal arterioles, capillaries and venules, 
There seemed to be a malformation of the vessels at the arteriovenous junctions, 
and hence the differentiation between tumor, abnormal formation, or excessive 
thinning was a question of semantics only. 

Interestingly enough, while few lesions were found on casual search, careful 
examination showed lesions present in practically all parts of the body. The skin, 
nasal septum, tongue, pituitary, bronchus, lung, liver, pancreas and adrenal 
capsule all contained typical angiomas (fig. 4). 

All the laboratory work was normal except for that pathology which could be 
accounted for by excessive hemorrhage. White blood counts, platelets, blood 
chemistries, serologies, tuberculin tests, blood cultures, icteric indices, bleeding 
and clotting times, tourniquet tests, liver function tests, circulation times were 
all within normal limits. This, combined with the pathologic studies, indicates 
that telangiectasia is a hereditary disease of blood vessels and not of the hemo- 
poietic system. 


THERAPY 


Therapy involves arrest of existing hemorrhages and prevention of their recur- 
rence. Excessive fragility of telangiectatic areas must be recognized. If care is 
exercised, the hemorrhages can be controlled with only slightly more difficulty 
than episodes of ordinary bleeding. 

Prevention of recurrence of hemorrhage, however, has been most unsatisfac- 
tory. Many methods of destroying the lesions have been enthusiastically advo- 
cated. Chromic acid and phenol applications, quinine hydrochloride or ethyl 
carbomide injections, electrocoagulation, rutin, vitamin K, koagamin, snake 
venom, roentgen ray and radium have all been tried, but in our hands all have 
been unsuccessful. Although it is easy to destroy the original lesion, satellite ves- 
sels soon form and the therapy, therefore, remains unsuccessful. While hormone 
therapy also failed for us, a recent report of the successful use of estradioldipro- 
pionate® has encouraged us to try it on several patients, but there has not been 
time to evaluate this therapy. 

In arresting the bleeding, it is thought that oxycel, gelfoam, or a similar topical 
hemostatic agent is best. These substances do not have to be removed after the 
bleeding has stopped. The clot therefore is not disturbed and secondary hemor- 
rhage is frequently averted. 


DISCUSSION 


In this survey the disease never skipped a generation. Sporadic cases were seen 
in other family groups which have been examined. The reason for this is not 
evident. It is difficult to accept Fitz-Hugh’s® theory of atavism to explain the 
sporadic case. Inasmuch as not all of the patients with telangiectasia bleed, in- 
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somplete data would appear to be a more probable explanation. A question of 
the disease disappearing spontaneously has been raised. The series of Teahan!® 
and of Alban,' as well as our own, have been followed for six generations. Since 
the condition has been known for less than a century, the findings would seem 
inconsistent with the expectation of a spontaneous disappearance. 

Snyder and Doan® produced evidence that telangiectasia is lethal in the 
homozygous state. In a family where both parents were heterozygous, Tt vs Tt, 
a baby was born presumably TT. At birth there was a large port-wine mark on 
the chest. The telangiectasia began to develop almost immediately. The baby 
was dead in two and a half months. At autopsy the external body and internal 
organs were covered with these lesions. 


SUMMARY 


A study of a Utah kindred of 491 members showing hereditary hemorrhagic 
telangiectasia for six generations is presented. 

The trait is found to be a mendelian dominant with complete penetrance. Sexes 
are affected equally as are their descendants. 

Histologic studies revealed thin-walled dilated vessels characterized by lack 
of organization into well-defined coats. 

Careful search revealed lesions in skin, lip, tongue, nasal septum, bronchi, 
lungs, brain, liver, pancreas and adrenal capsule. Adequate sections of the gastro- 
intestinal tract and muscles were not available for study. 

Prophylactic treatment has been relatively unsuccessful in our hands. 

In cases of repeated hemorrhage, if usual causes of bleeding can be eliminated, 
ahereditary pattern of telangiectasia should be suspected and sought for. Hemor- 
thagic telangiectasia is probably more prevalent than has been suspected. 
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SUPERFICIAL INJURIES OF THE HAND 
SEQUELAE AND MANAGEMENT 
Tuomas Ray BroapBent, M.D. 


Salt Lake City 


There is no such thing as a trivial injury of the hand. Primary tissue damage, 
infection, and scarring all are potentially disastrous. Basic principles in the man- 
agement of injuries of the hand have been developed and annunciated, but all too 
often in practice they are ignored or violated. The purpose of this paper is to lay 
emphasis on some of these important matters. 

The magnitude of the problem is realized when one remembers that in this era 
of mechanization, one-third of all industrial injuries involve the hand. Burns, 
infections, lacerations, and poorly placed incisions account for the majority of 
the wounds. The order of significance will differ with the degree of industrializa- 
tion of any geographic area. In general, however, all of these wounds vary in 
severity in proportion to the depth of the resultant scar and to its location relative 
to lines of tension or areas of active forces of push and pull. 

A granulating wound left to heal spontaneously will produce considerably 
more contracture deformity than a similar wound covered primarily with a flap 
or a graft. An infection poorly drained will involve deeper structures and produce 
more severe deformity than one incised adequately. Incisions placed over lines of 
great push or pull tension result in thick, hypertrophied scars and pronounced 
contracture deformities, whereas incisions in neutral midlateral positions heal 
without deformity. Poor results follow when acute injuries are repaired inade- 
quately or at the wrong time. It must be remembered that injuries, which else- 
where would be considered minor, may in the hand result in severe disability. 
This is especially true when the dorsum of the hand is involved and epithelializa- 
tion fails to resurface the area satisfactorily, and a keloid-like scar develops. Mi- 
nor lacerations on the hand may result in deep infection, fibrosis, contracture 
deformity, and loss of function. 

Cicatricial contractures of the hand, most often due to burns, present some of 
the most disabling injuries which confront plastic surgeons. The immobilization 
produced by tight skin or scar results in fibrosis of deeper fascia and tendons, 
further contractures, shortening of joint capsules, and joint fixation. This unfor- 
tunate outcome is well illustrated in the claw hand (fig. 1) in which all of these 
changes have occurred and have been aggravated by the unbalanced pull of 
lumbricales, interossei muscles and flexor tendons.” Such deformities are to a great 
extent preventable by proper positioning and carefully supervised physiother- 
apy.* These very important aspects of management of hand injuries have been 
fully presented by Bunnell, Koch, Mason, Littler and others. A wound on the 
flexor surface of the hand is often less ominous than a similar one on the dorsum, 
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since the palmar fascia may serve as a protective barrier; however, should the 
deep structures become exposed, the resultant deformity is severe and difficult 
to overcome (fig. 2). 


Fic. 1. Modified claw hand due to superficial scar, deep fibrosis, joint capsule shorten- 
ing and joint fixation. Thermal burn. 


A Fig. 2. Flexion contracture following thermal injury to the palmar skin and fascia. 
Note: Absence of fifth finger. 


Correction of cicatricial deformities is always basically the same. The cicatrix 
must be removed and the resultant defect covered with an appropriate graft or 
flap. It is far better, however, to prevent contracture formation. Proper preop- 
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Fig. 3 


Fic. 3. Thermal and chemical injury (phosphorus) to the hand. Note: Devitalized 
dermis on dorsum. : 
Fic. 4. Early debridement of burn illustrated in figure 3. Note: Granulating bed. 


Fia. 5 
Fic. 5. Early coverage with medium thickness split thickness skin grafts of hand il- 
lustrated in figures 3 and 4. Full postoperative flexion. ; 
. Fic. 6. Early coverage as noted in figure 5. Note: Full extension and fanning of the 
ngers. 


erative and postoperative splinting; early debridement without unnecessary 
exposure of deep structures; early coverage with the heaviest graft material that 
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Fig. 7 Fie. 8 

Fic. 7. Neglected open traumatic wound. Note: Regional and distal edema of the dorsum 
of the hand and fingers. 

Fig. 8. Conversion of the open wound in figure 7 to a closed wound with a thin split 
thickness skin graft. Edema has subsided. 


id il- 
f the 
Fie. 9 Fre. 10 
_ Fic. 9. Webbed contracture across a flexion crease resulting from a poorly selected : 
sary incision site. 
thet Fic. 10. Release of contraction web illustrated in figure 9 with a Z plastic operation. 


Note: Sutures still in place. 


$ 


Fie. 11 Fra. 12 
Fig. 11. Transverse contracture of the palm, contracture of the first web, and flexion 
contracture of the fourth finger secondary to a crushing wringer injury. There was also a 
tight scar on the dorsum of the wrist preventing full flexion. Note: Range of extension as 
illustrated, flexion limited to about 30 per cent by scar on dorsum. 
Fig. 12. Full flexion following multiple Z plastics in the palm, first web space and along 
the fourth finger flexion contracture band. Also thick split thickness skin graft on the 
dorsum of the hand. 


Fie. 13 Fia. 14 


Fic. 13. Range of extension following the procedure noted in figure 12. : 
Fig. 14. Thick split thickness skin graft on dorsum of wrist after excision of a tight 


tangential scar. 
788 


— 


: 
que 
— I 


ht 


SUPERFICIAL INJURIES OF HAND 789 


could be used, and early motion with proper physiotherapy, were principles 
used in management of the case illustrated in figures 3 to 6. This wound left to 
heal spontaneously would have resulted in a hand similar to the one noted in 
figure 1. Early coverage will also avoid regional and distal edema and resultant 
stiffness, fibrosis, limitation of motion, and loss of function (fig. 7). Figure 8 
illustrates a case in which early conversion of an open contaminated wound into 
aclosed one with a thin split graft resulted in subsidence of edema and the return 


of function. 


Fra. 15 Fig. 16 
Fig. 15. Thermal injury to palm of hand and flexor surfaces of the fingers. Note: Subse- 


quent flexion contractures. 
Fic. 16. Hand illustrated in figute 15 following excision of the scar and resurfacing 


with a free full thickness skin graft. 


Minor and major contractures cannot always be avoided. A laceration or a 
poorly placed incision across a flexor crease will result in linear contracture and 
flexion deformity (fig. 9). When such a contracture is released, a full graft is not 
the only method of resurfacing the defect, and often is not the method of choice. 
It may be preferable to shift the axis of tension by rearranging the local tissue, 
4s exemplified by the Z plastic operation (fig. 10). When single bands of cicatrix 
are in association with other areas deficient in tissue, the Z type of adjustment, 
or several Z incisions in a series in conjunction with free grafts, may be the method 
of choice in total restoration (figs. 11 to 14). It should be emphasized, however, 
that Z, U, and T shifts are inadequate and ill advised when there is more than a 


4 


Fig. 17. Avulsion wound of the forearm with exposure of tendons, nerves, vessels and 


one. 


Fig. 18. Resurfacing of the defect illustrated in figure 17 with an open abdominal flap. 
Note: Symmetry of reconstructed surface and added protection over and above that pos- 
sible with any free graft. 
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linear contraction band. Combinations of grafts with shifts of local tissue often 
provide the most satisfactory cover for such areas. When local tissue is service- 
able, it should be utilized, for it is best suited to strain in its own area. 

Brown' has shown that thick split grafts can often be used satisfactorily in 
resurfacing defects produced by release of broad surface contractures. This is 
helpful when the defect is too large to permit utilization of a free full thickness 
graft. If conditions permit, however, a full thickness graft is to be preferred be- 
cause it is better able to take wear and tear and minimizes secondary contracture 
(figs. 15, 16). This principle holds true, especially for the flexor surface of the 
hand. These considerations are of particular importance in children in whom full 
thickness grafts regain full sensation, and tend to grow with the child. 

There are many wounds of the hand and forearm in which tendons, nerves, 
major blood vessels and bone are exposed. In such cases early closure of the wound 
is mandatory for preservation of function. Although split thickness or even free 
full thickness grafts can often be used with expectation of a take, this is not usually 
the method of choice. These grafts, especially if contamination is present, tend 
to become adherent to underlying mobile structures and thus limit function. 
Such wounds are best covered with a full pad of tissue similar to that lost. Where 
deep mobile and supportive structures are exposed, open or tubed flaps are rec- 
ommended. Full coverage provided in this way secures maximum protection and 
mobility for deep structures and supplies a suitable substance through which 
more definitive surgical repair may be done subsequently (figs. 17, 18). 


SUMMARY 


Some basic principles in the management of superficial hand injuries and result- 
ant contractures have been discussed. Cases demonstrating the prevention and 
treatment of these contractures are presented, together with indications for using 
varying thicknesses of split thickness skin grafts, full thickness skin grafts, local 
tissue shifts (Z procedures) and tubed or open flaps. 
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ACRIZANE CHLORIDE 
A PROMISING NEW SKIN ANTISEPTIC 


Puitie B, Price, M.D., Berrye L. Witson 
Salt Lake City 


“Acrizane Chloride” is the name given to 9-parahexyl oxyphenol-9-chloro-10- 
methyl acridine. Its molecular formula is C.sH:sCINO, its molecular weight 406, 
and its structural formula is: 


O—CeHis 


C 


N: 


| 
CH; 


It is a hydroscopic yellow powder, freely soluble in water and ethy! alcohol. The 
preparations recommended for use are 1:200 and 1:1000 concentrations in aque- 
ous or alcohol-acetone solution. 

Acrizane colors the skin intensely yellow and the stain may spread to dressings, 
drapes and bedclothes. The cutaneous stain cannot be removed by soap and 
water alone, but it is reduced by alcohol and is largely or entirely removed by so- 
dium hypochlorite, except from palms, nails, elbows and knees—wherever keratin 
is thick. Stains on cotton goods are not removed by soap and water, but the yel- 
low color can be bleached out. 

Acrizane is said! to be nonirritating to skin and only moderately toxic to leu- 
kocytes (method of Welch apd Hunter). A 1:1000 solution is irritating to the eyes 
and urinary bladders of rabbits. Application of gauze moistened with acrizane 
does not prevent healing of scarified skin. Toxic effects become manifest when 
the substance is administered orally, intravenously, or intraperitoneally. 

It is also stated! that acrizane is bound by proteins, and that its germicidal 
titer is reduced in the presence of whole blood or serum. No specific or complete 
neutralizing agent is known. 

Tests of skin disinfection, using Novak’s contact plate method, seem to show 
that tincture of acrizane 1:200 is superior when compared with 10 familiar, com- 
mercially available tinctures.' A series of tests with mice, using the infection- 
prevention method of Nungester and Kempf, showed! that 1:200 tincture of 


From the Department of Surgery, University of Utah College of Medicine. 
Supplies of Acrizane Chloride and a grant in aid were given by the Abbott Laboratories, 
North Chicago, Illinois. 
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acrizane was highly effective in preventing death from hemolytic streptococci and 
phneumococcus Type I. Murphy and associates’ state that tincture of acrizane 
1:200 was the most effective of eight agents tested for disinfection of skin. 

Impressed by these favorable reports, we have attempted to evaluate the anti- 
bacterial activity of acrizane by three types of quantitative tests: (1) the bacte- 
riostatic action of acrizane in cultures; (2) the rate at which test bacteria are 
killed in vitro, and (3) the skin antiseptic power of acrizane in vivo. 


BACTERIOSTATIC EFFECTS 


Graded quantities of acrizane were added to nutrient agar media, following 
which known numbers of test organisms were implanted. Vegetative forms (S. 
albus, S. aureus and E. coli, obtained from 24-hour broth cultures) and sporulat- 
ing organisms (B. terminalis and B. subtilis taken from old cultures laden with 
spores) were used. 

In general, it was found that 1 part of acrizane in 1,000,000 parts of agar media 
caused pronounced reduction in numbers of colonies of vegetative bacteria as 
compared with controls, and that even 1 part in 10,000,000 reduced the counts 
of cocci by 10 to 15 per cent. Sporulating organisms were slightly more resistant, 
inasmuch as acrizane 1: 1,000,000 had little, if any, bacteriostatic effect, although 
1:100,000 caused almost complete inhibition. 

This information was used in planning the following experiments and in the 
interpretation of results. 


RATE OF KILLING 


By means of our spoon test,* known numbers of test organisms in aqueous sus- 
pension were exposed to various strengths of acrizane for measured lengths of 
time. The germicidal action was then brought (presumably) to an abrupt termi- 
nation by sudden dilution in excess of demonstrated bacteriostatic activity. Sur- 
viving bacteria were measured by means of plate counts. 

Results of this test are shown in tables I to IV. These data, taken as they 
stand, indicate that acrizane in concentrations recommended for use is an ex- 
tremely potent germicide against test organisms suspended in water. Under the 
conditions of this test, even a relatively dilute solution of acrizane (1:10,000) 
appears to have a lethal effect on vegetative forms comparable to that of optimum 
concentrations of ethyl alcohol, and sporicidal powers much greater than alcohol. 


SKIN ANTISEPSIS 


To start with, a large number of spot tests’ were made. This test measures 
quantitatively the effect of an antiseptic upon the bacterial flora of a circular 
area of skin 2 cm. in diameter. Various parts of the hands and arms of 2 persons 
were tested repeatedly. Contact between antiseptic solution and skin was without 
friction at room temperature for 60 or for 120 seconds. Both aqueous and alco- 
holic solutions of acrizane were used. As might be expected, considerable varia- 
tion in results was observed, depending upon such factors as location, size of 
original flora, and greasiness of the skin. 
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On the whole, results of this test were very favorable to acrizane. Both 1:29 
aqueous solution and 1:200 tincture appeared to show a skin antiseptic power 


TABLE I 
Effects of aqueous acrizane on Staphylococcus aureus suspended in water. Rate of killing* 
Duration of Contact Concentration of Acrizane 
_ Between 

Germicide and Bacteria 1:10,000 | 1:25,000 | 1:40,000 | 1:100,000 | 1:250,000 | 1:1,000,009 

0 (Control) 100.0 100.0 100.0 100.0 100.0 100.0 

1 Second 2.0 38.8 44.7 79.8 96.7 105.9 

10 Seconds 0.4 11.6 24.0 70.2 92.4 98.0 

30 Seconds 0.0 0.0 6.7 58.0 92.0 

1 Minute 0.2 0.0 0.6 17.6 87.3 96.5 

5 Minutes 0.0 0.0 0.2 0.3 19.1 79.4 

10 Minutes 0.0 0.0 0.3 0.0 12.5 _ 


* The numbers in the table indicate the per cent of test organisms surviving after con- 
tact with acrizane. 


TABLE II 
Effects of aqueous acrizane on Escherichia coli suspended in water. Rate of killing* 
Duration of Contact Concentration of Acrizane 

_ Between 
Germicide and Bacteria 1: 10,000 1:25,000 1:50,000 1:100,000 | —1:250,000 
0 (Control) 100.0 100.0 100.0 100.0 100.0 
1 Second 87.5 79.1 97.7 96.0 88.5 
10 Seconds 58.2 79.0 82.0 93.7 72.2 
30 Seconds 10.3 5.5 56.5 97.0 71.9 
1 Minute 0.1 2.9 23.9 72.5 75.1 
5 Minutes 0.0 0.6 0.6 5.8 51.0 
10 Minutes 0.0 0.0 0.0 0.1 42.8 


* The numbers in the table indicate the per cent of test organisms surviving after con- 
tact with acrizane. 


TABLE III 
Effects of aqueous acrizane on B. terminalis suspended in water. Rate of killing* 
Duration of Contact Concentration of Acrizane 
Between 

Germicide and Bacteria 1: 1000 1: 10,000 1:50,000 1: 100,000 
0 (Control) 100.0 100.0 100.0 100.0 
1 Minute 0.0 81.9 95.5 100.0 
5 Minutes 0.0 100.0 100.0 100.0 
10 Minutes 0.0 77.3 100.0 100.0 


* The numbers in the table indicate the per cent of test organisms surviving after con- 
tact with acrizane. 


greater than that of most of the antiseptic solutions which we have tested hereto 
fore. Surprisingly, aqueous solutions of acrizane had slightly greater degerming 
effect than tinctures of equal concentration. 
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Confirmation of these observations was supplied by a small series of full-scale 
hand-washing tests. Results are shown in table V. If these data are accepted 
without question, it would appear that 1:200 acrizane is a much more potent skin 
disinfectant than any of the mercurials; that it is somewhat better than tincture 
of zephiran or 70 per cent alcohol, and that it is about equal in effect to 2 or 3 
per cent iodine in 70 per cent alcohol. 


TABLE IV 
Effects of aqueous acrizane on B. subtilis suspended in water. Rate of killing* 
Duration of Contact Concentration of Acrizane 
etween 
ond Barteria 1:200 | 431,000 1:10,000 1:50,000 
0 (Control) 100.0 | 100.0 100.0 | 100.0 
1 Minute 6.3 | 12.6 87.4 | 100.0 
5 Minutes 0.0 0.0 68.9 100.0 
10 Minutes 0.0 0.0 68.9 | 87.4 


*The numbers in the table indicate the per cent of test organisms surviving after con- 
tact with acrizane. 


TABLE V 
Results of standard hand-washing tests‘ 

In each instance the hands and arms were washed in acrizane solution for exactly two 
minutes with light gauze friction. For comparison, average results previously obtained? 
with some other antiseptic solutions are appended. All the tests here reported were made 
uniformly on the same pair of hands. 


Size of Cutaneous Flora Percentage Reduction 
of Cutaneous Flora 
Antiseptic Used Immediately | Immediately 

Antiseptic Wash Wiis From To 

Aqueous Acrizane 1:1000 2,100,000 545,000 100 | 25.9 
Aqueous Acrizane 1:200 2,500,000 31,000 100 1.2 
Aqueous Acrizane 1:200 3,200,000 54,000 100 bY | 
Aqueous Acrizane 1:20 3,550,000 138 ,000 100 3.9 
Tinct. Acrizane 1:200 2,800,000 195,000 100 7.0 
Tinct. Merthiolate 1:1000 100 66.5 
Tinct. Metaphen 1:200 100 31.3 
Tinct. Zephiran 1:1000 100 15.5 
70% Alcohol 100 11.3 
2% Iodine in 70% Alcohol 100 2:2 


COMMENT 


There are two considerations which make us skeptical of the results just de- 
scribed. First, the tests were all made without the corrective of an antidote. It 
will be recalled that mercurials were believed to be superb disinfectants until 
effective neutralizers were used, whereupon the good experimental results and 
hegative cultures were found to be illusory. We suspect that acrizane is rapidly 
adsorbed in relatively large quantities on the surface of bacterial cells, and that 
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this union is not broken by excessive dilution. In our hands, serum has not proved 
an effective antidote, probably because its proteins have no greater affinity for 
acrizane than the bacterial cell has. Sodium hypochlorite seems to neutralize the 
antibacterial action of acrizane, at least to some extent, but it is not a useful anti- 
dote since it has pronounced germicidal activity of its own.’ In a series of spot 
tests we compared the degerming effects of (a) acrizane alone, (b) sodium hypo- 
chlorite alone, and (c) acrizane followed by the hypochlorite. The degerming 
effects of c were less than the algebraic sum of a and b. Several other substances 


TABLE VI 
Results of a hand-washing test, showing the degerming effect of 5% aqueous acrizane 
Basin No. Basin Counts Cumulative Totals Actual Totals 
1 6,388 , 000 15,799,000 19,349,000 
2 3,268,000 9,410,000 12,960,000 
3 1,314,000 6,142,000 9,692,000 
4 1,073,000 4,828,000 8,378,000 
5 790,000 3,756,000 7,306,000 
6 670,000 2,965,000 6,515,000 
7 624,000 2,295,000 5,845,000 
8 594,000 1,671,000 5,221,000 
9 577,000 1,077,000 4,627,000 
10 500 , 000 500 ,000 4,050,000 
3,550, 000* 


At this point the hands and arms were washed for 120 seconds in aqueous acrizane 1:20, 
and were then rinsed for 60 seconds in sterile water. Scrubbing was resumed immediately. 


1 0 72,900 137,900 
12 0 72,900 - 137,900 
13 0 72,900 137,900 
14 2,700 72,900 137,900 
15 7,200 70,200. 135, 200 
16 8,100 63,000 128,000 
17 15,300 54,900 119,900 
18 15,300 39, 600 104, 600 
19 14,300 24,300 89,300 
20 10,000 10,000 75,000 
65,000* 


* Estimated number of organisms left on the skin after the final washing in each series. 


were tested, but none of them proved to be an effective antidote for acrizane. 
Should a satisfactory neutralizing agent become available in the future, our 
experimental results may have to be revised and the value of acrizane r 

The second reason why we hesitate to accept our current experimental results 
atface value is that we are uncertain how to interpret properly the peculiar curve 
of basin counts after acrizane has been applied to skin. Essential results of a 
typical hand-washing test are shown in table VI. It will be noted that after the 
antiseptic (1:20 strength) had been applied to the skin, the following three 
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washings had sterile cultures, but after that viable bacteria began to appear in 
appreciable numbers. How is one to explain the apparent sterility of those first 
basins? The washings did not contain enough free acrizane to cause bacteriostasis 
in cultures, for bacteria subsequently added to those washings grew out quanti- 
tatively. Addition of serum to the media did not change the colony counts. It is 
conceivable that basins 11 to 13 contained large numbers of relatively superficial 
skin bacteria which either had been killed outright by the acrizane, or had ad- 
sorbed enough of the antiseptic in insoluble form to inhibit growth; and that 
persistent scrubbing succeeded in dislodging into later washings some of the more 
deeply placed cutaneous bacteria that had not come into close contact with the 
disinfectant. Another possible explanation is that acrizane may have reacted 
with the skin to form a film, and that three minutes of friction with the scrub 
brush broke up the film, releasing underlying unharmed organisms. This concept 
of a film was introduced in 1939° to explain similar curves obtained with mercu- 
rials. Miller and his associates? believe that cationic soaps likewise produce a 
film on the skin. 

In any event, as far as we can tell at the present time, skin that has been 
washed with 1:200 acrizane chloride presents a very nearly sterile surface. For 
practical purposes, it may be assumed that this surface has a relatively low poten- 
tial of infection, since most of the bacteria that come off are either dead or are so 
inhibited by the antiseptic that they will not grow even in the presence of serum. 
It is probably safe to infer that when the skin at the site of operation has been 
prepared with acrizane, micro-organisms falling or rubbed from the cutaneous 
surface into the incision are not likely to produce an infection. The favorable 
results obtained with infection-prevention, already cited, lend support to that 
supposition. 

Although a limited clinical trial should not be considered a reliable test of an 
antiseptic’s worth, it may be of interest to add that for two years acrizane has 
been used with satisfaction in selection cases in the operating rooms of the Salt 
Lake General Hospital. 


SUMMARY 


Acrizane chloride, a new germicide, is found to be strongly antibacterial in 
action against vegetative and sporulating test organisms in vitro. 

On skin, acrizane evidences a disinfectant power greater than that of any other 
skin antiseptic that we have tested heretofore, with the possible exception of 
tincture of iodine. This evaluation must be considered tentative, however, since 
the tests upon which it is based were made without the corrective of a neutralizer. 

Acrizane stains deeply—an unfortunate property which will not make the 
agent popular with hospital administrators or the nursing staff. 

Solutions of acrizane are reported to be irritating to the eyes and bladders of 
rabbits, but single applications to the skin seem to be entirely harmless. It has 
not been determined whether acrizane can be used effectively or safely on mucous 
membranes or in wounds. Given orally, intravenously, or intraperitoneally, it is 
said to be toxic. 
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Acrizane merits wider clinical trial as a preoperative skin antiseptic. Preparg. 


tions of choice are 1:200 aqueous solution and 1:200 tincture. 


Ne 
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INJECTION TREATMENT OF HEMORRHOIDS 


GitBert L. Wricut, M.D. 
Salt Lake City 


Opinions regarding injection therapy of hemorrhoids are divided. One prom- 
inent proctologist is quoted as saying that he treats 85 per cent of his hemorrhoid 
eases by injection, whereas another states that he operates upon about 85 per 
cent of his cases. It can be safely said, however, that there is a place for injection 
therapy, and that results are good if one understands and heeds the indications, 
contraindications and limitations of this procedure. Although some writers have 
condemned the method because of a few bad results, actually the failures are 
attributable to misuse rather than to shortcomings of the procedure itself. Poor 
results may be expected of any form of treatment when it is used in unsuitable 
cases. 

Indications and Limitations. Uncomplicated internal hemorrhoids can be treated 
by injection. External hemorrhoids should never be injected. The presence of 
complications such as fistula, abscess, or prolapse with thrombosis are contra- 
indications, or at least, reasons for postponing injection therapy. The presence 
of external hemorrhoids is not necessarily a contraindication, but it should be 
made clear to the patient that the external hemorrhoids will not be cured by 
this treatment, and that operation is usually the preferred procedure for com- 
bined internal and external hemorrhoids. If there is some other contraindication 
to surgery, or if the patient is unwilling to have surgery, he may usually be 
given a great deal of relief by injection of his internal hemorrhoids. Sometimes 
external hemorrhoids are observed to shrink up after injection therapy of the 
internal hemorrhoids. A patient should not be led to expect that result, however. 
Furthermore, one should explain to the patient that, although his internal hemor- 
thoids can be obliterated by this method, it will not always prevent the develop- 
ment of more internal or external hemorrhoids in the future. Most patients 
accept this possibility willingly. If there is recurrence or development of new 
internal hemorrhoids in the future, they, of course, can be injected, subject to 
the above limitations. 

Bleeding internal hemorrhoids, with no other symptoms or pathology, are 
perhaps the prime indication for injection therapy, since the hemorrhoids can 
be obliterated and further bleeding can be prevented in almost 100 per cent of 
such cases. Pruritus ani is frequently relieved by obliteration of internal hemor- 
thoids. However, in view of the vague and varied etiology of this condition, no 
specific promises should be made in any given case. Fullness and discomfort, 
feeling of pressure, and sense of incomplete evacuation after defecation are 
other symptoms which are commonly relieved by injection therapy of internal 
hemorrhoids, provided there is no other pathology present. Cryptitis and papil- 


From the Department of Surgery, University of Utah College of Medicine and the 
Surgical Service of St. Mark’s Hospital. 
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litis are not necessarily contraindications unless they are very acute; on the 
contrary, they are often improved by obliteration of internal hemorrhoids. 

Advantages. Treatment of hemorrhoids by injection has certain advantages 
over surgical obliteration in properly selected cases: (1) no disability is entailed, 
as a rule; (2) the procedure is painless; and (3) it is less expensive inasmuch as 
there is no hospitalization or loss of time from work. 

Technic. No special preparation beforehand is necessary as long as the rectum 
does not contain feces. If the patient has had a normal bowel movement that 
day, local conditions will usually be satisfactory, and it is not necessary for him 
to have an enema. Proctosigmoidoscopy should be done before instituting any 
treatment for hemorrhoids. I prefer to do the injections some time in the after- 
noon, and advise the patient not to indulge in any strenuous activity that evening, 
since this may induce bleeding. The next day he is expected to continue his 
normal activity. 

Ananal speculum isinserted and, using a straight or curved no. 23 hemorrhoidal 
needle, the solution is injected directly into the hemorrhoidal mass. It is usually 
best to inject into the middle or upper portion of the hemorrhoid in order to stay 
well above the pectinate line. Injection distal to this line will cause pain at the 
time of injection and afterward. Similarly, seepage of the injected solution 
below this line will cause a varying degree of pain and discomfort. 

Various solutions are recommended. In my experience, a 1 per cent solution of 
sodium tetradecyl sulfate* has given very satisfactory results with a minimum 
of side reactions—much less, I believe, than with most of the stronger solutions 
commonly used. With an aqueous solution such as this, a smaller needle can 
be used than with an oily solution; as a result, leekage and bleeding are less 
likely. One-half to 1 cc. of the solution is injected directly into the hemorrhoid 
much as in the manner of injecting a varicose vein. 

Some authors recommend making the injection into the tissue surrounding 
the hemorrhoid in order to produce a fibrosis. This technic produces more reac- 
tion, however, and is more likely to cause discomfort. In my experience it usually 
is not necessary. A rectal dilator (more properly called an anal dilator), with a 
bulbous, tapered tip, is inserted immediately after the injection, and is left in 
place for five minutes during which time the patient stays quietly on the table. 
As far as I know, the use of a dilator in this fashion has not been previously 
recommended. Pressure of the dilator prevents leakage of the solution out of the 
hemorrhoid, lessens bleeding, and promotes collapse and obliteration of the 
hemorrhoid, much as a pressure dressing does in the injection treatment of 
varicose veins. I believe it also helps prevent painful spasm of the anal sphincter. 

As mentioned previously, it is essential that the injection be made well above 
the pectinate line. If pain is experienced at the time of insertion of the needle, it 
means that the needle has been inserted below this line. It should then be with- 
drawn and inserted higher up. If the insertion is painless but the injection causes 
pain, it usually means that the solution is infiltrating down below this line. When 
that happens, the injection should be stopped. 


* Marketed as ‘‘Sotradecol’”’ by Wallace and Tiernan Co. 
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Injections are made at intervals of one week, and only one or at the most two 
hemorrhoids are injected at each visit. From three to eight treatments have 
ysually been required. The patient is instructed to return in three months for a 
checkup examination. 

Results. Results with this routine have been almost uniformly good. Side 
elects have been very few and usually have been due to making the injection too 
low, or to seepage of the solution down below the pectinate line. 
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